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2 Jouis Allis announces its LA Iine of right-angle gearmotors 


Now available with new NEMA rerated L.A. motors 


for all applications — in sizes from 1 to 30 hp 


Before we £° into the many design features e The worm, carefully machined from hard- 

of this compact gearmotor, let's take ened alloy steel, is ground to close 

a look at 4 few other aavantages - tolerances to give greater efficiency 
and longer life. 


either foot- 
Secondly, you e The worm gear is cut from a high grade 


y motor enclosure you want. of wear-resistant alloy pronze. 

And finally, you can have any electrical ; 

or mechanical modification needed for e A double-row angular contact pearing 

any specific application. and a pall pearing provide for radial 
and thrust loads on the worm shaft. 


a line of gear- ? ‘ 
a, versatile and e The output shaft is mounted in tapered 
y a sound answer roller bearings for maximum load- 

, carrying capacity. 


° 
gearmotor drive 
: e Ample oil-bath lubrication. assures 
e Both gear and motor housings are made longer 1ife and minimul maintenance. 
of nigh-tensile cast iron to provide e Special oil seals on all shafts keep the 
maxinul strength, rigidity, and oil in -- dirt out and permit any 
compactness- mounting arrangement. 
Here's @ line of right-angle gearmotors 
that's very easy to apply. Standard 
speed range from 7-1/2 to 300 rpm-- 
special speeds also are available. 


Flange-mounted 
right-angle gear- 
motor with new 
L.A. line explosion- 
proof motor 


, — a 
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THE LOUIS ALLIS CO. 
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An Advanced Conception of Valving by Ross! 


«Direct solenoid operated, balanced spool Working surfaces almost as hard as a diamond. 
4-Way—for air or oil service. 

; ‘ ; , Small and compact—7Y%4”" by 3/2” by 37’. 

e Engineered and built to tolerances of .0001”. Yq" diameter flow capacity. 


eConforms to JIC standards. 

e Available with 4” or 94" pipe tap for inline, 
manifold or base mounted; single solenoid 

eMade of aluminum—single solenoid, base spring return, double solenoid momentary; 
mounted weighs only 3¥2 lbs. double solenoid three position. 


eComplete valve cycle within 0.033 sec. 


Write, wire or phone for complete information 


Tomorrow's EnginAlRing Delivered Today. ..Anywhere 


OSS OPERATING VALVE COMPANY 


109 E. GOLDEN GATE AVENUE + DETROIT-3. : MICHIGAN 
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GOODYEAR INDUSTRIAL PRODUCTS 


@)-Specified 


SPECIAL V-BELT 
for speed changer 
on power workshop 


Variable 
Diameter 
Pulleys 


Special V-Belt sinewed 

with 3-T Cord, synthetic 

cord tempered by Ten- , 

sion, Temperature and \ Driven 
Time, for greater strength Shaft 
and shock-absorption 

with practically no stretch 





Secret of a New Twist in Power Workshops 


LEADING manufacturer of home workshop 
A power tools wanted to make speed changing 
in an all-new model easy and convenient. Dial- 
ing the operation on a speed-dial was the 
answer. A simple twist of the dial and the oper- 
ator could have the right speed. The various 
speeds could be obtained by changing the dis- 
tance between halves of split pulleys. This 
would vary the diameter of the pulleys and the 
resultant r.p.m. But how to get a belt that could 
withstand the constant changing in diameter 
and not stretch was the problem. 


The G.TM. — Goodyear Technical Man — was 
called on for help. He worked with the problem 
for a year during the planning and developing 


stages, finally delivered a special, precision-built 
V-Belt — sinewed with Triple-Tempered (3-T) 
Cord. This super belt not only outperformed 
competitive belts by withstanding four times as 
many stalls at 2500 r.p.m., but also ran much 
quieter and smoother — completely solving the 
problem. 

How can the G.TM. help solve your V-Belt 
problem? You can consult him through your 
Goodyear Distributor or Goodyear, Industrial 
Products Division, Akron 16, Ohio. 


IT’S SMART TO DO BUSINESS with your Goodyear Distributor. 
He can give you fast, dependable service on Hose, 
V-Belts, Flat Belts and many other industrial rubber 
and nonrubber supplies. Look for him in the Yellow 
Pages under “Rubber Goods” or “Rubber Products.” 


V-BELTS with TRIPLE-TEMPERED (3-T) CORD by 


GOOD, YEA 


THE GREATEST NAME IN RUBBER 
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On the Shoulders of Giants Editorial 
A lesson from the past— looking back at earlier achievements frequently gives 


werspective to today’s engineering problems and assignments. 


Men and Machines By R. S. Hartenberg and J. Denavit 
An informal history giving an engineer's view of the origins and development of 


machines and mechanisms. This article is the first of three that will trace the 


evolution of present mechanical concepts and ideas in design. 


Scanning the Field for Ideas be. 
Shear-ball mounting technique for turntables — pneumatically operated gasket 
construction—crowned-shank bolt design for misaligned holes 


Molded Plastic Parts By Ralph E. Wallenbrock 


A summary of basic factors influencing design of plastic shapes. 


New Synchronous Electric Motor Drive 
Design and operating characteristics of a newly developed motor type. 


By Earlwood T. Fortini 


Dimension Control in Design 
i for analyzing mechanism trains. 


Part 3 — Limit di i g thod 





Welding Composite Steels By Helmut Thielsch 


Clad steels — welding properties, joint design, filler metals and heat treatment. 


Shearing Moving Webs By Sigmund Rappaport 
Design and application considerations for two methods of high-speed web cutting 
employing rotary hyperboloid knives and straight-edged helical knives. 


Sleeve Bearing Materials By J. B. Mohler 
Practical selection and application data for evaluation of the optimum bearing 
material to meet specific design and operating requirements. 


By Ben Ragland 


performance charac- 


Fluid Couplings 
Basic design facts about drive couplings — general types, 
teristics, selection criteria, mounting arrangements and application factors. 


Involute Gear Tooth Layout By Harold M. Durham 
Data Sheet — Reference involute curves for representative base radii dimensions 


simplify graphical construction of tooth profiles for strength calculations. 


Creative Potential By John E. Arnold 


Permanent Magnet Rotors By Frank S$. Greenwald 


Tips and Techniques 
Repetitive drawing, 82 — finding screw diameters, 82 — section-line drawing, 89 - 


center of gravity, 104 
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A Ward Leonard Type M Vitrohm 


rheostat using contacts made from 


extruded shapes 


Ingenious application eliminates 
hand assembly, makes absolutely 
uniform stationary contacts in 
Ward Leonard power rheostats 





CROSS SECTION VIEW of a Ward Leonard Vitrohm Type S rheostat 
showing how contacts are embedded in a vitreous enamel. 


“ Tat ~ 
> Ur \ 
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Ward Leonard Electric Co., Mount Vernon, N. Y., makes 
a line of high quality power rheostats marketed under the 
trade-name Vitrohm. Anywhere from 41 to 161 individual 
stationary contacts, or buttons, have to be embedded with 
their resistance elements in an insulating vitreous enamel— 
all contacts uniformly set and spaced, for uniform perform- 
ance. Their patented process originally used buttons blanked 
out of sheet brass—hand assembled and spaced on a steel 
wire to hold them while the vitreous enamel was fired. 
Ward Leonard refined the process and for four models 
now starts with the extruded shapes shown above. The stock 
is accurately slotted for correct spacing, forming a continu- 
ous line of buttons connected by a triangular “wire”—which 
is an integral part of the extruded shape. When sections are 
curved, the buttons remain uniformly spaced and oriented. 
After the button assemblies are embedded in the vitreous 
enamel, the connecting wire is easily milled off. Ward 
Leonard gets absolute uniformity with less effort and fewer 
rejects—it gets healthy dollar savings, despite the fact that 
more than half of the extruded shape is milled out. 
Imagination applied to extruded shapes can pay big 
dividends—lower direct labor costs—fewer machining opera- 
tions—less scrap—improved product quality. Your Anaconda 
representative will be glad to work with you. The American 
Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 5584 


ANACONDA 


EXTRUDED SHAPES 


Short cuts to a finished product 
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Photocopy Method Used 
For Printed Circuits 


Process Prints Powder Patterns 


ROCHESTER, N. Y.—A_ photocopy 
process used in office duplicating 
equipment has been adapted to the 
preparation of printed electrical 
circuits. The Haloid Co. demon- 
strated that xerography can be 
employed for model shop work, 
prototype circuit studies and short 
production runs. 

In the xerographic process, a 
powder image is transferred from 
a selenium plate to a sheet of trans- 
fer paper, thence to the face of a 
copper-clad laminate. Here the 
powder forms a resist pattern im- 
pervious to chemical attack. 

In the etching step which fol- 
lows, acid eats away all the cop- 
per unprotected by resist. The re- 
sult is metal left only where speci- 
fied by the original circuit draw- 
ing. The xerographic powder or 
resist, having accomplished its 
purpose, is then removed by sol- 
vent, disclosing the completed print 
ready for dip-soldering to “pig 
tails” or other contacts. 

From an original opaque draw- 
ing, a copper-clad laminate serv- 
ing as a printed circuit or wiring 
board can be prepared for etching 
in about 10 minutes. Except for 
the final etching step, the xero- 
graphic approach is entirely dry, 
requiring neither conventional pho- 
tographic materials nor darkroom 
facilities. 

Usually, printed circuits are 
small enough that several identical 
circuits may be made in one expo- 
sure. The number possible from one 
cycle depends on the size of the 
circuit and the sensitive area of 
the selenium plate. 

Haloid claims savings in time 
and the cost of materials over 
other methods of doing the same 
work in the same volume. 
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BIGGEST MILLING MACHINE has been developed by Ingersoll Milling 

Machine Co. for the G-E steam turbine-generator plant in Schenectady. This 

set-up illustrates its size: 120 ft long, 35 ft high, 42 ft wide. It can machine 

pieces 18 ft wide, 1614 ft high. Two work tables allow setting up or un- 
loading one work piece while another is being milled 





Program Details Set for Mechanisms Conference 


Authorities to Discuss 
New Design Developments 


CLEVELAND, O.—Final details have 
been arranged for the program of 
the Third Mechanisms Conference 
to be held at Purdue University on 
May 24 and 25. The conference is 
sponsored jointly by the univer- 
sity’s School of Mechanical Engi- 
neering and MACHINE DESIGN. Two 
previous conferences held at Pur- 
due in 1953 and 1954 had been well 
attended and highly successful. 
Believed to be the only organized 
meeting of its kind, the Mechan- 
isms Conference is devoted to 
methods and systems for the de- 
sign and development of mechan- 


isms; practical applications and 
uses of cams, linkages and gear- 
ing; and production considera- 
tions and limitations. 

Registration for the Third Con- 
ference is scheduled for 9 a.m. 
(Central Daylight time) in the 
South Ballroom, Memorial Union 
Building, on the Purdue Campus, 
Lafayette, Ind. Conference mem- 
bers will be welcomed at 10 a.m. 
by Prof. H. Solberg of Purdue and 
Colin Carmichael, editor of Ma- 
CHINE DESIGN. Program for the 
technical sessions is: 

Thursday, May 24 

Session I—Kinematic Synthesis, 10:30 
a.m. Chairman: Prof. H. G. Laughlin, 
Purdue Univ. Subject: What Syn- 
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Memorial Union building is a landmark on the — of Purdue University 


where the Third Conference on Mechanisms will 


e held May 24 and 25, 


sponsored by the School of Mechanical Engineering and Machine Design 


thesis Is All About, by Prof. R. S. 
Hartenburg and J. Denavit, North- 
western Univ. 
Session Il—ZIntermittent-Motion 
Mechanisms, 1:30 p.m. Chairman: 
Prof. C. L. Brown, Purdue Univ. Sub- 
jects: Survey of Intermittent Mech- 
anisms, by Prof. F. J. Bogardus, Pur- 
due Univ. and Design of Modified 
Starwheels, by K. E. Kist, Harris- 
Seybold Co. 
Panel discussions, 3:30 p.m. Confer- 
ence members may attend either Jn- 
termittent-Motion Problems, Prof. F. 
J. Bogardus, Purdue Univ., chairman, 
or Mechanism Selection and Design 
Problems, Prof. A. S. Hall, Jr., Pur- 
due Univ., chairman. 
Banquet, 6:30 p.m., in North Ball- 
room, Memorial Union Building. 
Toastmaster is Prof. A. S. Hall, Jr. 
Following dinner, Prof. R. S. Har- 
tenberg of Northwestern Univ. will 
discuss Mechanisms Abroad—an in- 
formal observation of current Euro- 
pean developments. 

Friday, May 25 
Session III—Practical Approaches to 
Design, 8:30 a.m., South Ball- 
room. Chairman: Prof. A. R. Holo- 
wenko, Purdue Univ. Subjects: Basic 
Factors in Cam Design, by Prof. H. 


Cam 


Rothbart, City College of New York, 
and Cam Design and Production 
Procedures, by W. D. Cram, United 
Shoe Machinery Corp. 


Panel discussions, 10:15 a.m. Confer- 
ence members may attend either Cam 
Design Problems, Prof. H. Rothbart, 
chairman, or Dimension Problems, 
E. T. Fortini, Datamatic Corp., chair- 
man. 

Luncheon, 12:00 p.m., in North Ball- 
room, Memorial Union Building. 
Toastmaster is B. L. Hummel, asso- 
ciate managing editor, MACHINE DE- 
SIGN. 

Group discussions, 1:30 p.m. Groups 
will be organized to provide oppor- 
tunity for designers and engineers 
of similar machine or product types 
to exchange discussion on common 
problems. Conference members will 
also be invited to present any points 
of view or solutions to problems they 
have developed in any of the subject 
areas covered by the discussions. 


An advance registration form 
for the Conference appears on Page 
229, April 19 issue. Or, for com- 
plete information, write to Editor, 
MACHINE DESIGN, Penton Bidg., 
Cleveland 13, O. 


Nondestructive Unit Tests 
Adhesive Bonds in Aircraft 


Expect Device to Increase 
Sandwich Type Construction 


CLIFTON, N. J.—A new tester, de- 
veloped by Stanford Research In- 
stitute and manufactured by Allen 
B. du Mont Laboratories Inc., will 
enable airframe, missile and heli- 
copter manufacturers to test the 
strength of adhesive bond material 
without destruction of the unit 
under test. 

The Ultrasonic Bond Analyzer 
consists of a sweeping oscillator, a 
barium-titanate transducer, a cath; 
ode-ray oscillograph and an oscil- 
lograph record camera. The crys- 
tal transducer applies ultrasonic 
stresses to the piece under test. 
Through a method of coupling sig- 
nals to and from the metal, the 
instrument receives responses 
which appear on the oscillograph 
in wave form. Flaws in the lam- 
inate can be identified by read- 
ing the oscillograph patterns. 

Lack of a nondestructive tester 
for checking adhesive bonds has 
heretofore limited the use of lam- 
inated and _skin-honeycomb-skin 
metal sandwiches in airframe con- 
struction, according to Du Mont. 
This type of construction, desirable 
in aircraft because of its heat re- 
sistance and strength, is being used 
in conjunction with laminated met- 
als in helicopter blades and in some 
aircraft and missiles. 


Entries are being accepted for 
the sixth annual Design Award 
Program sponsored by the Indus- 
trial Designers’ Institute. Pur- 
pose of the program is to recog- 
nize industrial designers for “note- 
worthy and fresh approach to de- 
sign and function, combined with 





Front Cover 


The first article of a two-part series 
by Helmut Thielsch on welding com- 
posite metals provides the theme for 
this issue's cover by artist George 
Farnsworth. Clad metals are the sub- 
ject of the first article. A second 
article on applied liners will appear 
at a later date. 
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The Moline Tool Company, long 
established and respected in in- 
dustry, has used Oilgear Fluid 
Power Feeds since 1925. Of Oil- 
gear “JK” Fluid Power Feed Pumps 
used in its machines, Moline says 
these pumps combine the advantages 
found only in part in various 
mechanical feeds. Also, the “JK” 
Feed Pump provides infinitely, step- 
lessly variable speeds; you can 
easily find the speed best suited to 
the work or condition of tools. 
Traverse speed can be as much as 
265 times the feed rate. Coarse and 
fine feed rates are variable over a 
20: 1 range. Cycle time is cut dras- 
tically, production increased, costs 
reduced. Feed rates are maintained 
accurately despite varying work 
‘pressures by a built-in automatic 


pressure compensator. 


“JK"’ Feed Pumps are simple, 
compact, electro-hydraulically con- 
trolled units, easily installed near- 
byor remotely. Systems need only 
@ pump with reservoir, a double- 
sting cylinder, standard control 
two easily connected pipes. 
Biminating expensive engineering, 
these units can simplify design, re- 
duce manufacturing cost, improve 
performance and increase sale- 
ability of machines. Manual, semi- 
automatic or full automatic opera- 





tion. Available now in 4 sizes. 
Write for free literature. 
THE OILGEAR COMPANY 
1568 West Pierce Street 
Milwaukee 4, Wis. 




































Above, Moline Drilling Machine em- 
ploying “JK" Feed Pump. 


Below, Moline special 56-sptndle 
back-spotfacing machine using 2 
“JK" units for vertical and horizontal 


feeds. mo 
= 


At) Moline 4-way horizontal boring machine 
uses 4 Oilgear JK" Feed Pumps. 


“JK” PUMPS EASILY | 
APPLICABLE TO YOUR | 
MACHINES FOR BETTER 
PERFORMANCE 


PIONEERS . | NOW THREE PLANTS ‘1 
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PUMPS, MOTORS, TRANSMISSIONS, __ 
CYLINDERS. AND VALVES : 
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practical use of appropriate mate- 
rials.” 

Any designer, or team of design- 
ers, in the industrial design field 
is eligible to compete. Details of 
the program are contained in the 


submission forms, which are avail- 
able from Walter C. Granville, 
chairman of the program, at Con- 
tainer Corp. of America, 38 S. 
Dearborn St., Chicago 3, Ill. Forms 
must be postmarked by May 19. 








————— Daneel 
Convention Hall, Philadelphia, is the site of the First Design Engineering 
Show and Conference, May 14 to 17. Nearly 200 companies will exhibit 
products and services useful to design engineers. Concurrent with the show, a 
four-session conference on subjects of primary importance to designers has 
been arranged by the Machine Design Div. of ASME 


Design Show and Conference Plans Completed 


Full House of Companies to 
Display Products, Services 


PHILADELPHIA, PA.—Final _  ar- 
rangements are now in process for 
this country’s First Design Engi- 
neering Show and Conference 
scheduled in Convention Hall, 
Philadelphia, May 14 to 17. The 
building’s main and lower arenas 
will be filled with displays of prod- 
ucts and services essential to the 
design function in industry. Scope 
of the displays is indicated by the 
list of exhibitors. 

Concurrent with the show, and 
at the same location, the ASME 
Machine Design Div. will conduct 
four technical sessions covering 
important aspects of the design 
function. Following are the speak- 
ers and chairmen of the four tech- 
nical sessions: 


Monday, May 14 
Session I—Value Analysis in Product 
Design. Speakers: A. D. Bentley and 
W. L. Healy, both of Generai Elec- 
tric Co. Chairman: Victor Sepavich, 
Crompton and Knowles Loom Works. 


Tuesday, May 15 
Session II—How to Get and Train 
Design Engineers. A panel discussion 
by: Prof. Chester Linsky, Pennsyl- 
vania State University; A. A. John- 
son, Westinghouse Electric Corp.; 
and Dr. Bernard J. Covner, Dunlap & 
Associates. Chairman: Philip R. Mar- 
vin, American Viscose Corp. 





Visitors to the show are 
cordially invited to booth 425 
to meet the editors of Ma- 
CHINE DESIGN and other 
Penton publications. 





> 
Topics 

All-around glasses, recently pat- 
ented, enable the wearer to see 
where he’s been. Extending the 
field of vision to 360 degrees, the 
spectacles are equipped with small 
rear-view mirrors attached to the 
lenses by means of adjustable 
arms. 

° e e 

Lockheed will conduct aircraft 
nuclear research in new labora- 
tories to be built on a four-square- 
mile site near Dawsonville, Ga. 

e e 7 

Seeing ourselves as others see 
us will be possible with a new 
British-made mirror. It is made 
of two wings of mirror glass, set 
at angles to each other, and re- 
flects a natural image instead of 
the usual reversed one. 

e eo e@ 

A bill to permit extension of 
certain expired patents is now in 
the Senate. It applies to inventors 
who were in military service when 
the patent expired and were un- 
able to apply for an extension. 

e * 

Rain-repellent coating keeps 
cockpit windshields clear in air- 
planes operating ai speeds that 
make the use of mechanical wipers 
impractical. The coating is com- 
posed mainly of silicones and 
waxes. One application lasts for 
several days of heavy rain. 








Wednesday, May 16 

Session III—Selecting Engineering 
Materials for Products. Speaker: W. 
A. Irvine, Maytag Co. Problems in 
Miniaturization. Speaker: William C. 
Schmidt, Bell Telephone Laboratories. 
Chairman: Clifford Eddison, Radio 
Corp. of America. 


Thursday, May 17 

Session IV—Recognition and Reward 
for Invention. Speaker: W. A. Stei- 
ger, Westinghouse Electric Corp. 
Rights of the Employees’ Inventions. 
Speaker: George V. Woodling, patent 
attorney. Chairman: Donald G. Fink, 
Philco Corp. 

Conference registrations will be 
accepted in Convention Hall at the 
start of the four-day sessicns. 
Further information on the con- 
ference can be obtained from 
American Society of Mechanical 
Engineers, 29 West 39th St., New 
York 18, N. Y. 
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BEARING MATERIAL 


SAVES UP TO 40% ON BEARING 
COSTS e COMBINES THE ADVAN- 
TAGES OF BOTH BRONZE & IRON e 
SUPPLIES ‘BUILT-IN’ LUBRICATION 
OF 23% BY VOLUME e INSTALLS AS 
EASILY AS HIGHER-PRICED BRONZE 
BEARINGS e OPERATES AT SHAFT 
SPEEDS UP TO 3500 RPM e AN 
EXCLUSIVE BOUND BROOK MATERIAL 
BACKED BY 73 YEARS’ EXPERIENCE 


write today for complete data 


BOUND BROOK 


BOUND BROOK OIL-LESS BEARING CO., EST. 1883, BOUND BROOK, N.J 


Pronece in 
POWDER METALLURGY BEARINGS + PARTS 
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Display Latest Products and Services at Show 


First Design Show 
Exhibitors Listed 


Companies exhibiting their prod- 
ucts May 14-17 at the First De- 
sign Engineering Show and Confer- 
ence are listed here. Floor plans of 
Philadelphia’s Convention Hall 
show location of each booth. 


A 
Acme Steel Co ene eees .440, 442 
Air Maze Corp . . é¢é000 ae 
Alemite Division, Stewart-Warner Corp... 139 
Al-Fin Div., Fairchild Engine and Airplane 
Corp. , . . 519 
The Louis ‘Allis ‘Co + lh OG wee reempes 336 
Alloy Metal Wire Div . ocoe OO 
Aluminum Co. of America . 340, 342, 439, 441 
American Nickeloid Co 416 
American Society of Mechanical Engineers 705 
Amos Molded Plastics .... 326 
Armstrong Cork Co. . er - ill 
Assembly Products, Inc sosnee Be 
The Auburn Manuf: acturing Ce. . seces Ge 
B 
Balsa Ecuador Lumber Corp 223 
Bart Laboratories Div., Bart Manufactur- 
ing Corp. .. 29 
Beemer Engi neering CO. sec eeoccece Se 
The Bellows Co : : o¢ees 329 
Boston Gear Works . secceceses GEO 
Burndy Engineering Co., Inc ' . 436 
—_, 
Camloc Fastener Corp 129 
Carr Fastener Co., Div. of United Carr 
Fastener Corp . seseuew Ge 
Cast Optics Corp cove Ske 
Central Foundry Div., General Motors 
Corp : - e oe sccos See 
Cerro de Pasco Corp : 4 236 
Chicago Allis Mfg. Co. . secceccoe Ge 
Cleveland Cap Screw Co ‘ : 324 
Cleveland Designers & Consultants ... .1024 
Coating Products ‘ 231 
Colonial Alloys Co . 
Conolite Div Continental Can Co., Inc. 217 
Controlex Corp. of America .1014 
Coors Porcelain Co . 502 
Corning Glass Works 226 
Cullman Wheel Co 418 
The Cuno Engineering Corp 403 
Curtiss-Wright Corp., Metals Processing 
Div . 714 
D 


The Franklin Dales Co 
Detroit Controls Corp 
Diehl Manufacturing Co 
The Dixon Corp 


The Dobeckmun Co 205, 2 
Doehler-Jarvis, Div. National Lead Co 

E. I. duPont de Nemours & Co Inc 
Durakool Ine Herma Seal Co Ine 





Dynamic Gear Co., Ine 


E 
Eaton Manufacturing Co Reliance Div. .1020 
Elastic Stop Nut Corp. of America 106 
Electric Indicator Co 506 
Electrical Manufacturing 234 
Electro-Devices Inc 1124 
Electroflex Heat Inc 524 
Ellis Associates .. . 600 
Emmett Mfg. Co. ... 72 
Encyclopaedia Britannica 127 
Engineered Nylon Products, Inc 616 
Eriez Manufacturing Co 624 

aff 
Falstrom Co 602 
Ferguson Machine & Tool Co 715 
Ferguson Tubing Corp 209 
riexible Tubing Corp 209 
Foote Bros. Gear & Machine Corp 140, 142 
Formsprag Co 316 
Frenchtown Porcelain Co 215 
Fromson Orban Co., Inc 229 

G 
The Garlock Packing Co 214 
General Electric Co 325 
General Findings & Supply Co 117 
The General Fireproofing Co 319 
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The Glastic Corp 
The Globe Co., Grip- Strut. Div. 
Gries Industries, Inc. 


Gries Reproducer Corp. : ate cep tagte 


Groov-Pin Corp. 


Heim Co. . ne 

Heintz Mfg. Co. 

Heli-Coil Corp. ...... 
Hermes Plastics Inc. 
Hills-McCanna Co. ... 

E. F. Houghton & Co. 
Howard Industries, Inc. 
Hudson Foam Plastics Corp. 
Hunter Spring Co ° . 


= 


The Improved Seamless Wire Co. 
Industrial Design Magazine ........ 


Industrial Equipment News 


Instrument Specialties Co., Inc. 


International Balsa Corp. . 
International Packings Corp. 


== 


Kennametal Inc. ... 
Kimberly-Clark Corp. 


amffigns 


L & L Manufacturing Co. 
L.O.F. Glass Fibers Co. . 
The Lamson & Sessions Co. 
The Lancaster Lens Co. 
La Salle Steel Co. 


Leach & Garner ........200:. 


Lehigh Chemical Co. ... 
Lignum-Vitae Products Corp. 


Linde Air Products Co., A Div. : 
Union Carbide and Carbon a 
Linemaster Switch Corp. ........ ‘ 


Lovejoy Flexible Coupling Co. 
—_M— 


MACHINE DESIGN Magazine 
Machinery Magazine ... 
MacLean-Fogg Lock Nut Co. 
Magnaflux Corp. 
Mallory-Sharon Titz anium 1 Corp. 


Manheim Manufacturing & Belting Co. 


Marquette Metal Products Div. 
Curtiss-Wright Corp. 
Materials & Methods 


Mechanical Industries Production ‘Co. 


Merkle-Korff Gear Co. 
Micro-Balancing Inc. .. 
Micro Switch Div. of 


Minneapolis-Honeywell Regulator Co. 
Minnesota Mining & Mfg. Co., 


Adhesives & Coatings Div. 
Multiple Extrusions Inc 
Mycalex Corp. of America 


— 


National Vulcanized Fibre Co. 
Nelson Stud Welding, Div. of 
Gregory Industries Inc. 

Newark Wire Cloth Co 


New Hermes Engraving Machine ‘Corp. 


North Shore Nameplate Inc. 
o— 
O’Sullivan Rubber Corp. 
confit 
The Penton Publishing Co 


Pic Design Corp ae ‘on 
The Polymer Corp. of Penna 


Post Machinery Co., Electronic — 


Div 
Potter & Brumfi eld 
Product Engineering 
Products Research Co 


Reliance Electric and Engineering C« 
; wéveney 


Reynolds Metals Co 
M. H. Rhodes, Inc. 
Rigidized Metals Corp 


Roehlen Engraving Works, Inc 
Roller Bearing Co. of America . 


George I. Roper Corp 
Ss 


Saginaw Steering Gear Div., 

General Motors Corp 
Scovill Manufacturing Co 
Simmons Fastener Corp 
Snow-Nabstedt Gear Corp 
Sparkler Manufacturing Co. . 
Stahlin Brothers Fibre Works, 
Standard Pressed Steel Co 
Stearns Magnetic Inc 
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SPECIALIZED SEAL ENGINEERING 





ROTARY 
SEAL 

































| 








| is developing new ways to assure top performance in 
| COMMERCIAL AIR CONDITIONING EQUIPMENT 











The operating conditions of a heavy-duty commer- 
cial air conditioning compressor unit are tough for 
ordinary Shaft Seals to handle. The combination of 
high operating speed and pressure is conducive to 
high heat generation—and that, in turn, can lead 
to Seal failure and unit breakdown. 


The sound design of ROTARY SEALS—properly 
adapted to the particular conditions of this applica- 
tion—removes most of the major cause of such 
failures, without requiring complicated unit de- 
sign. With this sturdy Seal, heat dissipation is 
excellent, and even under the severe operating con- 
ditions, heat generation is effectively reduced. Net 
result: greater customer satisfaction, elimination of 
trouble and expense through constant service calls. 





mechanical 


The ROTARY SEAL illustrated was specially devel- 
oped to meet this exact requirement. You can’t 
just reach back on the shelf for a Shaft Seal when 
your compressor—or pump, tractor or whatever your 
unit may be—must measure up to unusual or es- 
pecially taxing job requirements. It takes a custom- 
designed Seal—fitted in every detail to the specific 
job at hand. 


ROTARY SEAL specializes in developing and manu- 
facturing Seals to meet such problems, by applying 
the basic ROTARY SEAL principles which opened 
the way to successful mechanical Shaft Sealing 
when this company introduced them years ago. 


Major assignments for important Seal developments 
are keeping us mighty busy at present; but if special 
difficulties are besetting your development pro- 
grams, and production quantities of Seals are in- 
volved, we'll be glad to help if we can. 


2022 NORTH LARRABEE STREET 





CHICAGO 14, ILLINOIS, U.S.A. 
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ROCK AND RAIL COMBO hits the right note in speedy boxcar unloading. 
This new Link-Belt unloader uses oscillating motion and slight elevation of 
one of a pair of railroad tracks to produce the motion and tilt necessary to 
empty bulk material at the rate of four loads per hour. Standard railroad 
cars weighing up to 150,000 Ib loaded are locked in place in the Kar-Flo unit 
and rocked gently up to a maximum of 3 in. at each end. Most of the un- 
loading mechanism, including the 25-hp main drive motor, is located in a 
7 ft, 3 in. pit. At ground level are the rails, mounted on a platform next 
to the load-receiving hopper, and an operator’s control station 





Stokes Molded Products Div 
The Electric Storage Battery Co 
Stow Manufacturing Co 
Stratos Div., Fairchild Engine & 
Airplane Corp. .. o* 
Stromberg-Carlson Co., A Div. of 
General Dynamics Corp 
Sweet's Catalog Service 
Sylvania Electric Products Inc 


T 


Teleflex, Inc 
Thermoid Co 
Thomas Publishing Co 
Thomas’ Register of American 
Manufacturers ° 
Thomson Industries, Inc 
Thriftmaster Products Corp 
Tinnerman Products, Inc 
Titeflex, Inc ‘ 
Toyad Corp TT 
Trombetta Solenoid Co 
Tube Turn Plastics Inc 
Tuttle & Kift, Inc. ... 


aul 


U. 8. Automatic Corp 

U. 8. Royalite Div. of United States 
Rubber Co. ‘ 

U. 8. Plywood Corp 

The U. 8S. Stoneware Co. 


an. 
Veeder Root Inc 

—W 
Wagner Electric Corp 
The Weatherhead Co 
Weckesser Co. 


Whitney Chain Co. 
Wittek Mfg. Co 


Wolverine Tube Div. ; Calumet & Hecla, 


ERB. cecos . 


—_y— 


510 
131 


. 402 


128 
141 
311 
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909 
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1015 
815 
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The Yale & Towne Manufacturing Co., 


Powdered Metal Products Div. 


12 


coccce S22 


New Standard For 
Military Name-Calling 


Services Adopt 
Civil Phonetic Alphabet 


WASHINGTON, D. C.—Old salts and 
old soldiers long accustomed to 
Able, Baker, Charlie as the ABC’s 
of phonetic communication must 
now learn a new alphabet. On 
March 1 the armed forces adopted 


the Civil Aviation Organization 
Phonetic Alphabet that goes: 
Alfa Juliet Sierra 
Bravo Kilo Tango 
Charlie Lima Uniform 
Delta Mike Victor 
Echo November Whiskey 
Foxtrot Oscar X-ray 
Golf Papa Yankee 
Hotel Quebec Zulu 
India Romeo 
It’s reported, however, that 


Roger will probably still mean the 
many things it did before, includ- 
ing “yes, I understand.” 









Molding Process Makes 
Complex Plastic Grids 


HAWTHORNE, CALIF.—A new three- 
phase transition-molding process 
for complex plastic parts has been 
developed by Northrop Aircraft. 
Three types of material, each with 
a different melting point, are used 
to make complex plastic resin 
grids. 

The original mold is milled in a 
criss-cross pattern to required 
depth from a block of low melting- 
point alloy. The narrow, milled 


slots are then filled with epoxy 
resin. 


When the resin has hard- 





ened, the alloy is melted away, 
leaving the first or master part. 

This part is then covered with 
an elastomeric or rubberlike sub- 
stance which becomes a flexible 
master mold. This mold may be 
used repeatedly to produce as 
many parts as needed. Since the 
mold is elastic, resin parts may be 
removed with no regard for draft 
angles or undercuts. 


Regulator Sobers 
Giddy Computers 


Erratic Performance Traced 
To Impure Power Supply 


CARLSTADT, N. J.—The problem of 
an intoxicating effect of impure 
electrical power upon electronic 
“brains” has been solved by the 
Curtiss-Wright Corp. 

Distorted current, it seems, can 
make some mental robots just a 
little unstable at times, with a re- 
sultant loss in accuracy of compu- 
tations. These distortions have 
remained in quantities of about 3 
per cent even after the current was 
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B.F. Goodrich Rivnut makes nut plate 
and shock-proof seal in one operation 


RIGGS & STRATTON CORP. wanted to speed the assembly 
B and streamline the appearance of a new gasoline engine 
without extra cost. The conventional method of attaching 
fuel tanks required a combination of rivets, straps, braces, 
nuts and bolts. Now, by using three B. F. Goodrich Rivnuts, 
they do the same job quicker, neater and actually at lower cost. 

One man installs the Rivnuts in the gas tank wall in seconds. 
They provide, firm accurate nut plates that can’t be loosened 
by shocks or vibration. At least six threads are clean for bolt 
attachment to the engine housing. At the same time, special 
closed ends make a 100% gasoline-tight seal. 

B. F. Goodrich Rivnuts are solving hundreds of fastening 
problems. They can probably solve yours. Write for more 
information or engineering help to: The B. F. Goodrich 
Company, Dept. M DSA, Akron, Ohio. 





Rivnuts provide at least 6 clean 
threads in one simple operation! 








2 Rivnut is inserted—head 
firmly against work —tool 
at right angles to work. 


1 Rivnut is threaded onto 
pull-up stud of a manual 
or pneumatic heading tool. 








‘i 





AI} 





4 After upset, Rivnut threads 
are still clean and intact, 
ready for screw attachment. 


3 Tool lever operates pull- 
up stud, forming a bulge 
in the Rivnut shank. 














SEND NOW 
FOR FREE RIVNUT 
DEMONSTRATOR 


Demonstrates with motion how 
you can use Rivnuts to fasten 
TO and fasten WITH. Explains 
construction, simplicity of in- 
stallation. Get your free copy 
today by writing to: The B. F. 
Goodrich Company, Depart- 
ment MDSA, Akron, Ohio. 
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Cutaway view of tank showing how Rivnuts make 
100% gasoline-tight seal. 


B.E Goodrich 


RIVNUTS 


The only one-piece blind rivet with threads 
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HAVE YOU RECEIVED 






YOUR COPIES OF THE 


NEW 


ALLENAIR 
Cataloge? 


Shown below is only a partial grouping of new 
r Catalogs. These, as well as others 
e up the complete AllenAir line 
Air Control Equipment piral 

nto a handsome master 
catalog for your convenience 
and easy reference 


WRITE FOR YOUR 
COPY NOW! 


Valve-in-Head Cylinders 


Air or Electrically 
Operated. Selection 
of 8 different models 
to meet your specific 
requirements. 14%” to 
4” bore, up to 20” 
stroke in STOCK. 


The A. K. ALLEN CO. 









Single & Double 
Ended Cylinders 


Complete range of 
sizes; all mounting 
styles. 





Engineering News Roundup 





A LONG HITCH IN THE NAVY has been arranged for th 








eae 
: - 


e Piasecki H-21 


Ai as helicopter. In recent tests, it has shown that it can tow mine countermeasure 
ir Valves 


AurnAir 
CL” sy 





devices effectively and thereby remove much of the danger from the haz- 
8 page catalog illus- ardous job of sweeping. The H-21 also towed an 81-ft PT boat at 11 knots 
trating complete line = in a simulated rescue at sea 
of solenoid, pilot and 
hand valves. 


The A. K. ALLEN CO. 





Spring Return Clamp 
Universal mounting, 
(2) % N.P.T. air in- 
lets, 1 brass hose 
connector. 


The A. K. ALLEN CO. 








Dial Feed 
indexing Tables 


Selection of 3 differ- 
ent models. 





{MAILYCOUPON TODAY: 


THE A. K. ALLEN CO. 
57 Meserole Ave., Brooklyn 22, N. Y. 























treated by refining equipment. 

A new distortion - eliminating 
voltage regulator developed by 
Curtiss-Wright Electronics Div. has 
cut this impurity factor to 0.3 per 
cent, permitting analog computers 
to function with clear heads. 

The regulator supplies distor- 
tion-free 60-cycle power, functions 
with essentially instantaneous re- 
covery time and faithfully repro- 
duces the fundamental input wave 
form. Simultaneously, it furnishes 
an additional large source of regu- 
lated power for use where normal 
power-line distortion is acceptable. 

The regulator embodies a new 
concept to eliminate low-frequency 
harmonics and noise, leaving a 


Auto Transmission Parts 


Balanced Automatically 


Machine Inspects 
Its Own Work 


DETROIT, MICH.—A new machine 
for precision balancing of Hydra- 
Matic transmission parts has been 
developed by General Motors Re- 
search Staff for the Detroit Trans- 
mission Div. Automatically, the 
new machine determines both the 
amount and location of unbalance 
in each of two mating torus units 
and corrects unbalance within %4- 
oz-in. 

A computer 
“reads” the unbalance and passes 


on the machine 


' ) 
i | 

i | 

; pure sine wave. The unique cir- the information to a_ welding 
- | | cuit taps the incoming wave form station. At this station a metal 
ee and obtains from it a sample rep- slug is measured, cut to size and 
He _ resenting all of the disturbances welded to the inside rim of the 
ae | present. This signal is amplified torus. 

1 City — Zone State and fed back into the line 180 de- The machine also checks itself. 
Snunenan arenasenes ecpeneneneseneas einai grees out of phase. After the torus units pass the un- 
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station with 
slugs welded to rims, a balance re- 


balance correction 
check is performed. If unbalance 
is beyond 14-oz-in., the parts are 
shifted to a “reject” conveyor. If 
within limits, parts are automati- 
cally stamped “accept.” 


Collects Data on 
10,000 Radio Tubes 


NBS Classifies Both 
Domestic and Foreign Types 


WASHINGTON, D. C.—The Nation- 
al Bureau of Standards is making 
available a tube information serv- 
ice for accumulating and dissem- 
inating technical data on domestic 
and foreign radio tubes. The serv- 
ice includes all such data on elec- 
tron tubes and semiconductor de- 
vices as electrical characteristics, 
bulb size and base configurations, 
ambient operating conditions and 
construction details. 

By means of this service, it is 
possible to find (1) information 
about any particular tube, (2) all 
tube types whose electrical char- 
acteristics, bulb sizes or base con- 
figurations fall within particular 
ranges, and (3) domestic tubes 
that can be substituted for unavail- 
able foreign tubes. Information on 
junction diodes and transistors is 
also available. Products of about 
80 domestic and 15 foreign manu- 
facturers are included. : 

Nearly 10,000 cards, filed by 
tube type number, are appropriate- 
ly referenced to manufacturers’ 
source material. About 10 per 
cent of the information, mainly on 
miniature and subminiature tubes, 

(Continued on Page 22) 
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Controlled tests have proved the remarkable erasing qualities of new Blutex tracing vellum. 


Improved tracing 
vellum erases 
cleaner and faster 


A newly improved vellum called 
Blutex has unusual erasing qualities 
and eliminates “ghosting” on tracings 
and prints. Manufactured by Post, the 
product is a revised formulation of an 
established vellum. 

Chief reason for the cleaner erasing 
qualities is a new combination of 
transparentizing materials used in 
treating the base stock. (The base 
stock itself is exceptionally hard.) 
Unlike many other vellums, Blutex is 








Unretouched photos of pencil lines and era- 
siires on Blutex (top) and another leading 
vellum after identical aging of both sheets. 


treated with 100% synthetic resins 
rather than oils. The carefully selected 


resins provide a “drier” working sur- 
face; dry yet never brittle. This unus- 
ual dryness, combined with an extra 
hard surface, permits faster, cleaner 
erasures. 

The new process also affects the 
future erasability. The materials are 
specifically formulated to resist heat 
and aging. The transparentizing agents 
will not fuse with the graphite lines, 
a common condition in other vellums 
that make erasures difficult. Labora- 
tory tests have shown that Blutex is 
just as erasable after 100 trips through 
a printer as it is when first used. 

Another Blutex advantage is its fine 
drawing quality. The dry surface and 
excellent tooth take dense, opaque 
lines with ease and uniformity. 

In addition to these improvements, 
new Blutex is actually more transpar- 
ent. The new formulation is carefully 
controlled to preserve the stock while 
actually increasing the transparency. 
Testing samples and information on 
Blutex is available from the Reader 
Service Division of the Frederick Post 
Company, 3652 N. Avondale Avenue, 
Chicago 18. 
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Unlike industrial machinery, farm equipment is exposed 
to everything that nature can throw at it. Soil is the 
element in which farm machines work. They’re ex- 
posed to every fury in the book — heat, cold, snow, 
ice, dust. They stand idle much of the time, then go 
to work at an instant’s notice, performing perfectly 
for hundreds of gruelling hours. And they must be 


built against breakdown that interferes with the critical 





ESTABLISHED IN 1914 


SUBSIDIARY OF EATON 





MANUFACTURING 
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AGRICULTURE-geared to modern production standards 


time schedules of much farm work. 

That gears of our manufacture are specified for so 
many different kinds and makes of farm machinery is 
proof of their rugged ability to perform reliably under 
the most rigorous circumstances. Their daily work on 
America’s farms proves their fitness for service in your 
products or equipment. 


Why not write today for further information? 


FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


Automotive (rear Works. ine. 


RICHMOND, INDIANA 
COMPANY 
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SUBJECT INDEX 





Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item 
Number on a Yellow Card—following page. 





Adhesives, Edit. 6 

Air conditioning, Edit. 198 

Aluminum and alloys, Adv. 40, 58, 
68, 156, 216 

Antenna, vacuum operated, Edit. 107 

Axles, Adv. 48 


Balls, Adv. 164 
Bearing housing caps, Edit. 150 
Bearing materials, Edit. 105; Adv. 9 
Bearings, ball, Edit. 83; Adv. 43, 149, 
153, 169 
needle, Adv. 153 
rod-end, Adv. 197 
roller, Adv. 43, 46, 149, 153, 169 
sleeve, Edit. 139; Adv. 164, 181 
Bellows, Adv. 176 
Belts, conveyor, Adv. 162 
transmission, Adv. 2 
Books, Edit. 181; Adv. 196 
Brakes, Edit. 139; Adv. 151, 166 
Brass (see copper and alloys) 
Bronze (see copper and alloys) 


Caps, Adv. 211 
Carbides, cemented, Adv. 195 
Carbon and graphite parts, Adv. 132 
Castings, investment, Adv. 134 
iron, Adv. 42 
light alloy, Adv. 183 
non-ferrous, Adv. 181 
shell molded, Adv. 188 
steel, Adv. 214 
Center of gravity, locating, Edit. 104 
Chain, transmission, Edit. 206; Adv. 
165, 172 
Circuits, etched, Edit. 142 
printed, Edit. 148 
Classified ads, Adv. 184, 192, 200, 212 
Clutches, Edit. 139; Adv. 166, 179, 200 
Coatings, protective, Adv. 178 
Compressors, Adv. 174 
Connectors, electric, Adv. 138, 167 
Contests, Edit. 6 


Control systems, electric, Edit. 177; 
Adv. 186 
hydraulic, Adv. 193 
pneumatic, Edit. 170 


Controls, automatic, Adv. 161 
electric, Adv. 66, back cover 


Copper and alloys, Adv. 4, 58, 63, 143, 
164, 181, 218 


Cork, Adv. 136 

Corners, spherical, Edit. 140 

Counters, Edit. 164; Adv. 56 

Couplings, fluid, Edit. 108 
shaft, Adv. 175, 210 

Creative potential, Edit. 119 


Cylinders, hydraulic, Adv. 57, 60, 217 
—— Adv. 14, 57, 60, 145, 193, 
1 


Damper, hydraulic flow, Edit. 206 

Differential chain drive, Edit. 206 

Dimension control, Edit. 92 

Drafting equipment, Edit. 82, 174, 
178; Adv. 15, 123 


Drives, adjustable speed, Edit. 90; 
Adv. 28, 155, 180 


Electric equipment (see specific type) 
Electronic tube and semiconductor 
data, Edit. 15 


Engineering department (see Man- 
agement or Drafting) 
Extrusion, Adv. 4, 144 


Facilities, general, Adv. 156, 185, 201 
Fasteners, blind, Edit. 145; Adv. 13, 
171 
bolts, nuts, screws, Edit. 84, 145; 
Adv. 13, 21, 168, 171, 201, 209, 
210, 216 
insert, Edit. 142, 145; Adv. 13, 168 
pin, Adv. 159 
rivet, Adv. 216 


Feeders, parts, Adv. 158 


Filters, Adv. 39 
Fittings, pipe, tube and hose, Adv. 24, 
1 2 


Forgings, Adv. 26, 58, 214 


Gaskets, Edit. 84, 140; Adv. 23 
Gears, Edit. 117; Adv. 16, 170, 172, 
196 


Glass, Adv. 212 


Heaters, Edit. 166; Adv. 30 
Heat resistant alloys, Adv. 70 
History of machines, Edit. 74 


Hose, metallic, Adv. 25, 213 
nonmetallic, Adv. 2 


Hydraulic equipment (see specific 
type) 


Inspection, Edit. 14, 204 


Latches, Edit. 152; Adv. 142 


Lubrication equipment, Edit. 170; 
Adv. 45, 152 


Machines (see specific type or proc- 
ess) 

Management, engineering, Edit. 119 

Materials handling, Edit. 198 

Meetings, Edit. 5, 8, 24, 25; Adv. 204 

Metals (see specific type) 

Metals, Adv. 121 

Metalworking, Edit. 200 


Motors, electric: 
fractional and integral hp, Edit. 90; 
Adv. 28, 34, 50, 72, 127, 187, 155, 
163 
gearmotors, Adv. inside front cover, 
28, 155, 172 
subfractional, Edit. 148; Adv. 72 
torque, adv. 208 
Motors, pneumatic, Adv. 174 


Mounting, vibration and shock, Edit. 
166 


Nickel and alloys, Adv. 27 


Packings, Adv. 146 
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Plastics, Edit. 148, 152, 160, 168; Adv. 
37, 61, 62, 64, 178, 203, 204 


Plastics molding, Edit. 12, 85 

Plugs, Adv. 211 

Pneumatic equipment (see specific 
type) 

Potentiometers, Edit. 139, 150 

Powder metallurgy, Adv. 9, 181 

Printed circuits, Edit. 5 

Processing machines, Edit. 202 


Pumps, Edit. 208; Adv. 204 
hydraulic, Adv. 7, 32, 148, 217 
pneumatic, Adv. 174 


Recorder, graphic, Edit. 176 


Reducers, speed, Edit. 162; Adv. 71, 
170, 172, 190 


Regulators, voltage, Edit. 12 


Relays, Edit. 155; Adv. 22, 31, 140, 
198 


Rotors, permanent magnet, Edit. 122 
Rubber, Adv. 2, 61, 133, 203 
Rubber molding, Adv. 54, 133 


Seals, Edit. 208 
mechanical, Adv. 11 


Servos, Edit. 174 

Shearing moving webs, Edit. 101 
Shims, Adv. 55 

Silicones, Adv. 135 


Springs, Adv. 211 
air, Edit. 22 


Sprockets, Edit. 206; Adv. 172 


Steel, Edit. 96; Adv. 26, 36, 53, 121, 
128, 144, 214 


Steel, stainless, Adv. 27, 67, 144, 207 
Stud welding, Adv. 160 


Switches, Edit. 22, 139, 162, 164; Adv. 
52 
pressure, Edit. 168 


Systems, hydraulic, Adv. 205 
pneumatic, Adv. 14, 191 


Testing, Edit. 204 
Thermostats, Adv. 49, 141, 205 


Timers, Edit. 160; Adv. 31, 130, 140, 
170, 194 


Torque convertors, Edit. 158 


Transmissions, variable speed, Adv. 
28, 33, 187, inside back cover 


Tubing, Adv. 53, 178 
Universal joints, Adv. 150, 199 


Valves, Adv. 206, 210 
hydraulic, Edit. 208; Adv. 1, 217 
pneumatic, Adv. 1, 14, 217 


Vibration meter, Edit. 176 


Way protector, Edit. 155 
Weighing, Edit. 178 


Welding, Edit. 96; Adv. 44, 125, 154, 
185 


Wire and wire products, Adv. 27, 211 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 

EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of cny article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 





Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE— descriptions start on page 131 


ITEM ITEM 


NUMBER NUMBER 
Phenolic Molding Compounds 401 Industrial Filters ........... 417 
Industrial Control System ... 402 BE WHEE cccccccsscccce 418 
Ceramic Coatings ........... 403 Panel Instruments ......... 419 
Hydraulic Fluid ............ 404 Tube & Pipe Fittings ....... 420 
V-Belt Drives ......ccccccee 405 Net Weighing Machine ..... 421 
Automation Drive ......... 406 O-Ring Seals ..........+.+.- 422 
Whiteprinting Machine ..... 407 Switchboards ..........-... 423 
Bet BePGWS .cccccsccccccese 408 Barrel Finishing Systems ... 424 
Speed-Sensitive Switches .... 409 Rolling of Metals .......... 425 
Alloy Steel Screws ......... 410 AN Connectors ............ 426 
Brass Die Castings ......... 411 Rotary Swaging Machines ... 427 
Subminiature Relay ......... 412 BUONO COMGIEE wccccccccccses 428 
Powe® COueee 2.0... ccccccces 413 Fringe Area Lubrication.... 429 
Use Gf Pergings ....cccccces 414 Piston Packing Material .... 430 
V-Belt Fasteners ........... 415 Controlling Corrosion ...... 431 
Indicator Lights ............ 416 Small Motors .............. 432 


NEW PARTS & ENGINEERING EQUIPMENT — descriptions start on page 139 





woe 
Miniature Clutch-Brake .... 461 
Bearing Assembly .......... 462 
Precision Potentiometer .... 463 
BOND BWR cccccctiscces 464 
Spherical Corners ........... 465 
Pneumatic Door Seal ...... 466 
Ceramoplastic .............. 467 
PE. cukensevesacawenasull 468 
EEE kcwcesseosccccsese 469 
WEEE BOD ccccceces.coeccene 470 
Plastic Laminate .......... 471 
Miniature DC Motor ....... 472 
Bearing Housing Caps ...... 473 
Trimming Potentiometer .... 474 
Adjustable Latch ........... 475 
Laminated Plastic ......... 476 
Multi-Element Relay ....... 477 
Way Protector ..........+4. 478 


ITEM 

NUMBER 
Torque Converter .......... 479 
Bee HD GE cccticsvces 480 
Polystyrene Formulations ... 481 
Gear Reducer ....... an eess 482 
Snap-Action Switch ......... 483 
Impulse Counter ........... 484 
WOE TTT cc ccc cccccccccs 485 
Silicon-Rubber Heaters ..... 486 
Bietel BEGUM ccc ccccccccces 487 
Fluorocarbon Plastics ...... 488 
Pressure Switch ...........- 489 
Air Control Assembly ...... 490 
Servo Breadboard Kit ...... 491 
Portable Drafting Machine .. 492 
Vibration Meter ............ 493 
Strip-Chart Recorder ....... 494 
Miniature Load Cell ........ 495 
Beam Compass Set ........ 496 
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1. Self-anchoring in any metal. Allenut pro- 


vides positive anchoring action through its 
hardened knurls. 


2. Compact design. Requires no space for 


box wrenching. 12-point socket permits 
tightening in awkward places. 


3. Smooth surfaces. Fits flush or below sur- 
face in counterbored hole . . . permits 
streamlined, safe surfaces. 


4. A ready-made, hardened, tapped hole. 
When used as a bushing, prevents costly 
stripping of threads caused by frequent re- 
moval and replacement of screw or bolt. 
In castings and other soft metals a stripped 
hole can be counterbored, an Allenut in- 
serted and the same bolt or screw used. 


5. Tighter fit. Greater thread contact than 
with ordinary nuts because of Class 3 fit. 
Weld-like setups accomplished with one 
hand wrenching. Allenut holds firm against 
turn of screw. 


Allenuts are available in a full range of 14 
standard sizes from no. 4 to 1” from lead- 


ing industrial distributors. 


We welcome your inquiry and request for 
engineering details on Allenut applications. 


that ca 


Ever-increasing applications for the new ALLENUT have 
caused sales to double within the past two years. Here are some of 
the things it can do to aid your product designing: 





eeeeeveeeveeee ee eeeeeeeeeeeeeeeeeeeeeeeeeee 


For More Information Circle Item Number on Yellow Card—page 19 21 








9 design problems 
n be met with the... 





























6. Usable with any type of bolt or screw. 
Permits space-saving, internal wrenching of 
cap screws, T bolts, machine bolts, and 
other common fasteners. 


7. Saves parts. No washers required when 
anchored. 


8. Easier to wse. Knurled ring facilitates 
fingering-in. Allenut is always square to 
counterbored hole. Removable by hitting 
screw or bolt head with tap of a hammer. 









9. Reusable indefinitely. Anchoring action 
remains unimpaired. Hardened threads and 
socket stand up under repeated removal 
and replacement. 



















ALLEN 


Gg COMPANY 


RIN 
MANUFACTU us 


Hartford 2, 





—ITEM 564— 








AWARD-WINNER 


in telephone 
applications... 


now available to you 


STROM BERG- 
CARLSON 


TYPE 8B" RELAY 


If reliable operation of a large num- 
ber of contacts has application to 
your work, you should examine this 
remarkable relay, manufactured with 
extreme precision. 

Our gang-type “B” relay can be 
furnished with combinations of A, B 
or C contacts with a capacity of up 
to 60 form A contacts. It will accom- 
modate six stacks of spring combina- 
tions which, due to special construc- 
tion, occupy an unusually small 
space and make the relay desirable 
for group mounting. 

This relay has been for years dis- 
tributed exclusively and in large 
numbers to the Independent tele- 
phone industry. Expanded produc- 
tion facilities enable us now to offer 
it to the general engineering world. 
Like all our relays, it is designed to 
operate under extreme ranges of 
temperature and humidity. 

On request .. . If you will write or 
call, and state the application you'd 
plan to use it in, we'll be happy to 
send additional information, and a 
catalog of our entire relay line. No 
obligation, of course. 


SC 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELEPHONE INDUSTRIAL SALES 
118 CARLSON ROAD, ROCHESTER 3, N. Y. 
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(Continued from Page 15) 

has been coded on punched cards 
for mechanical sorting. Eventual- 
ly information on all tube types 
will be transferred to punched 
cards. 

The tube information program 
was begun about seven years ago 


as a service to NBS personnel and 
has since been extended to all sci- 
entists and engineers in govern- 
ment and industry who have legit- 
imate requests. It is being carried 
out by C. P. Marsden and J. M. 
Moffitt of the Bureau’s electron 
tube laboratory. 













SOUTHERN CALIFORNIA. 
COOPERATIVE WIND TUNNEL 


CONVAIR DOUGLAS LOCKMEED 






NOBTH AMERICAN 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
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BIG WINDS BLOW HARDER due to recent major additions to this in- 

stallation operated by the California Institute of Technology and owned 

jointly by West Coast aircraft manufacturers. Two new 20,000-hp motors 

boost the top speed in the tunnel to 1400 mph. Special features of the co-op 

tunnel include interchangeable test sections rolled into the airlock on rails. 

Each section is designed for a certain range of speeds. Automatic data re- 
corders and computers are tunnel auxiliaries 





Predicts 1958 Car Buyers 
Will Ride on Air 


Firestone Foresees Early Use 
Of Bellows Type Springs 


AKRON, O.—Automobiles built in 
the next year or two will employ 
air-spring suspension systems simi- 
lar to those now in use on busses, 
truck-trailers and railway passen- 
ger cars, according to Firestone 
Tire and Rubber Co. engineers. 
Advantages claimed for the air 
spring system are smooth riding, 
low passenger and driver fatigue, 
quiet operation, low maintenance, 
long wear, and stability of car 
level under all loads. The springs 
also keep the car level in turns. 
Resembling a small, smooth tire, 
the bellows unit is built around 


a drum from plies of rubber-im- 
pregnated nylon fabric. Depend- 
ing on vehicle specifications, one, 
two or three bellows form an air 
spring. Two or four springs are 
installed on an axle and are inter- 
connected by a system of valves 
and air tanks. 


Show Improved 
Static Switch Unit 


PITTSBURGH, PA.—Improved static 
switching components were shown 
at the Twentieth Machine Tool 
Electrification Forum held recent- 
ly in Buffalo. Designated Mark II 
Cypak static switches, the units 
are similar in operation to the 
original Cypak controls brought 
out a year ago. They are 3 by 2 
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pressures on the gasket are needed to retain high internal 
pressures. It, too, may be sealed by nearly any type of flat 
gasket. Here, the incompressibility of straight rubber is not 


0 W to se | e ct a problem because the gasket is completely confined. Since 


rubber will deform but not compress, however, a rubber 
gasket should be cut so that it does not fill the channel and 


° srevent the tongue from entering the groove. 
gasket materials for | 


metal-to-metal joints 
os _ * a 
b S t In metal-to-metal joints (Figures 4 and 5), rectangular- 
uSe in a Ic join S section rubber gaskets may be used effectively if their 

















Many factors affect the choice of a gasket material. Cost, 
temperature involved, fluid action, flange surface charac- 
teristics, unit load or compression, and internal pressure, 


all must be considered. However, the first question to be } 

answered is, “What general type of material is suitable in . 

this particular flange?” WN 
' ¢ a. \\ 


common flange joints 











A simple flange (Fig. 1) may be sealed with nearly any kind 

of flat gasket, plain or jacketed, Ordinarily, however, fiber 

sheet, cork composition, cork-and-rubber, and similar ma- 

terials are best. Straight rubber, on the other hand, tends to 

extrude from such a joint under medium to high flange 5 

pressures. . 
By reducing the gasket wall section of the simple flange 

(Fig. 2), a higher load is placed on the gasket without 

changing the bolt pressure. The flange will thus retain 





volumes and shapes are correct. That is, gasket volume 
cannot exceed the volume of the cavity or the joint will not 
close. At the same time, the shape of the gasket must per- 
mit about 25 per cent deflection of the gasket when the 
joint is closed. When very close gasket tolerances are im- 
practical, the gasket can be cut larger than the cavity if re- 
lief for sideflow is provided in the joint design. 








A simpler solution to gasketing a metal-to-metal joint, 
however, is to use truly compressible materials such as 
cork composition or cork-and-rubber. With these materials, 
gasket volume and shape are not critical, Cork composition, 
for instance, can be cut'‘to full channel width and twice the 
depth, yet it will compress into the cavity and permit per- 
fect mating of the metal surfaces. Cork-and-rubber mate- 
rials also combine the advantage of compressibility with 
the sealing properties of synthetic rubber. 














tA 




















You'll find other useful information 
on the design and use of gaskets in the , 
| new Armstrong Gasket Design Man- j 
ual. Write for your copy of this man- oS 
ual to Armstrong Cork Company, In- ° 
dustrial Division 7105 Dean Street, | 
Lancaster, Pennsylvania. O i 
higher internal pressures—and gasket cost may be reduced. 
Again, nearly any type of flat gasket is suitable, but in this mst rong 
case the tendency of rubber to extrude is emphasized by 
the increased unit loading. G A S K E 7 M AT E R | A L 4 
A further variation of the common flange joint is the ; , 
tongue-and-groove (Fig. 3), used where extremely high ... used wherever performance counts 
—ITEM 566— 
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From raw materials to finished products— 


Titeflex Quick-Seal Couplings 


“make connections”. . . fast! 


Quick-Seal couplings are absolutely leakproof. Couple and un- 
couple in just one second . . . without tools. And Quick-Seal 
couplings keep the lifelines of your operation open and flexible— 
allow free flow of liquids, gases, lubricants in any direction. 
Suitable for ail industrial applications. 

Check the drawings (above) for typical applications. Use it as a 
guide to uncover new profitable uses for Quick-Seal couplings 
in your plant. 

High pressure testing 4 | Tank car unloading 
Diesel engine refueling lines Ey mass production testing 


Furnace cooling water lines [6] Rolling mill hydraulic lines 





TITEFLEX, INC. Industrial Products Division 
508 Hendee Street, Springfield 4, Mass. 
Please mail your free Quick-Seal Coupling Catalog . . . 
obligating us. 


without 


Name Title 





Firm 





Address 





City Zone State 





leakproof at all operating pressures, 


Titeflex Quick-Seal Couplings + “77 ss 
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by 2-in. plug-in cartridges, encap- 


sulated in polyester resin and 
fitted with terminals on the upper 
and lower faces. The modules plug 
into a power channel and are 
locked in place by studs to form 
a nearly solid assembly. Channels 
can be mounted side-by-side or end- 
to-end. 

Assembly and maintenance are 
facilitated by numeral indentifica- 
tion of each terminal and by a 
logic diagram printed directly on 
each module. Phasing has been 
simplified by an external color dot 
that indicates how the unit should 
be positioned. Reversing the 
module’s phase relationship is ac- 
complished by removing the unit, 
reversing it, and plugging it in 
again. 


Automation Seminar 
Scheduled for June 


UNIVERSITY PARK, PA. — Automa- 
tion will be the subject of an en- 
gineering seminar to be held at 
Pennsylvania State University 
this summer. Dates for the seminar 
are June 10-15. 

Major topics will include product 
and systems analysis, linear pro- 
gramming, process controls, pneu- 
matic systems, transfer and work- 
handling equipment, vibratory and 
hopper feed devices and manufac- 
turing and assembly mechanisms. 
Workshop sessions will be held, 
and a panel will demonstrate how 
to develop an automation system. 

Chester Linsky, assistant profes- 
sor of industrial engincering, is in 
charge of the seminar and will be 
assisted by authorities in the field. 
Roger W. Bolz, editor of Automa- 
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tion, will present a paper dealing 
with product design for automa- 
tion. 


+ 
Meetings 
AND EXPOSITIONS 


May 14-17— 

Design Engineering Show and 
Conference to be held at Conven- 
tion Hall, Philadelphia. Additional 
information may be obtained from 
Clapp & Poliak, 341 Madison Ave., 
New York 17, N. Y. 


May 14-15 

American Standards Association. 
Company Member Conference to be 
held in Cleveland. Open to all 
interested. Programs may be ob- 
tained from American Standards 
Association, 70 E. 45th St., New 
York 17, N. Y. 


May 16-18— 

Anti-Friction Bearing Manufac- 
turers Association. Annual Meet- 
ing to be held at Princeton Inn, 
Princeton, N. J. H. O. Smith, 60 
E. 42nd St., New York 17, N. Y., 
is secretary. 


May 16-18— 

Society for Experimental Stress 
Analysis. Spring Meeting to be 
held at the William Penn Hotel, 
Pittsburgh, Pa. Dr. W. M. Mur- 
ray, P. O. Box 168, Cambridge 38, 
Mass., is secretary-treasurer. 


May 17-18— 

Society for Advancement of 
Management. First National Ma- 
terial Handling Conference to be 
held at Hotel Statler, New York. 
Additional information may be ob- 
tained from the Public Relations 
Dept., Society for Advancement of 
Management, 74 Fifth Ave., New 
York 11, N. Y. ; 


May 23-24— 

American Iron & Steel Institute. 
Annual Meeting to be held at 
the Waldorf-Astoria, New York. 
George S. Rose, 350 Fifth Ave., 


May 3, 1956 
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Here, there, everywhere in the plant... 
you find money-saving uses for 


Titeflex flexible metal hose 


Here’s the hose that licks critical corrosion, temperature, vibra- 
tion and pressure problems in conveying gases, liquids, lubricants. 
Universal applications. All-metal construction. Braided or un- 
braided. Alloys to meet every need. 





Investigate. Check the drawings (above) for ideas in the use of 
Titeflex Flexible Metal Hose in your plant. Use coupon to obtain 
information about this versatile and durable all-metal hose. 


Fire extinguisher systems 4) Electronic degassing 


equipment 
Plastic presses Machine tools 
Food processing [GJ High frequency 
equipment conductors 


TITEFLEX, INC. Industrial Products Division 
508 Hendee Street, Springfield 4, Mass. 





Please send your free Titeflex Flexible Hose Catalog without obligating 
Us. 














Name Title 

Firm 

Address 

City Zone State 

; pone in all industrial 
TITEFLEX FLEXIBLE METAL HOSE licks | me aay 
pressures 
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News Roundup 





Sim. i L— 2 New York 1, N. Y., is secretary. 


May 23-25— 

EVELAND 

“fs American Society of Mechanical 
Engineers - Engineering Institute 
of Canada. Meeting to be held at 


the Mount Royal Hotel, Montreal, 
CAMBRIDGE CHICAGO y' 





Quebec, Canada. Additional infor- 
mation may be obtained from 


A.S.M.E. headquarters, 29 W. 39th 


HILLSIDE, N. J. May 23-26— 
National Society of Professional 
Engineers. Annual Meeting to be 
| held at the Ambassador Hotel, At- 
| lantic City, N. J. Additional in- 
| formation may be obtained from 
society headquarters, 2029 K St., 
| NW, Washington 6, D. C. 


DETROIT 


May 24-25— 

National Warm Air Heating & 
Air Conditioning Association. First 
BUFFALO Technical Conference to be held 
at the Edgewater Beach Hotel, 
Chicago. Additional information 
may be obtained from society head- 
quarters, 640 Engineers Bldg., 
¢ LN-C INNATI 3 Cleveland 14, O. 


May 24-25— 

Third Conference on Mechan- 
isms to be held at Purdue Uni- 
versity, West Lafayette, Ind. Spon- 
sored by the Purdue School of Me- 
chanical Engineering and MACHINE 
DESIGN. Additional information 
may be obtained from the Editor, 
MACHINE DESIGN, Penton Bldg., 





A call to any one of our seven warehouses will get you Cleveland 13, O. 
speedy service on your order... whether it’s for alloy steel 
bars, billets or forgings, in any size, shape or treatment May 28-30— 
you need. National Fluid Power Associa- 


tion. Spring Meeting to be held 
at the Greenbrier, White Sulphur 
Springs, W. Va. Barrett Rogers, 
1618 Orrington Ave., Evanston, 


All seven warehouses are located in principal industrial 
areas. Each is modern and well-stocked, and staffed by 
expert metallurgists. 





Call now if you need our own HY-TEN steels — ‘‘the stand- Ill., is executive secretary. 
ard steels of tomorrow’’, or standard AISI or SAE grades. 
Or write for free copies of Wheelock, Lovejoy Data June 3-6— 


American Gear Manufacturers 
Association. Annual Meeting to 
be held at the Homestead, Hot 
Springs, Va. John C. Sears, One 
Thomas Circle, Washington, D. C., 
In Canada: Sanderson- Newbould, Ltd., Montreal and Toronto is executive secretary. 


WHEELOCK, LOVEJOY & COMPANY, INC, June 3-8— 


Society of Automotive Engineers 


133 Sidney Street, Cambridge 39, Massachusetis |‘ 'c-_ Summer Meeting to be held 
at the Chalfonte-Haddon Hall, At- 


Sheets. They contain complete technical information on 
grades, applications, physical properties, tests, heat 
treating, etc. 
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News Roundup 





lantic City, N. J. Additional in- 
formation may be obtained from 
society headquarters, 29 W. 39th 
St., New York 18, N. Y. 


June 5-8— 

Materials Handling Institute Inc. 
Materials Handling Exposition to 
be held at the Public Auditorium, 
Cleveland, O. Additional informa- 
tion may be obtained from society 
headquarters, One Gateway Cen- 
ter, Pittsburgh 22, Pa. 


June 14-16— 

American Society of Mechanical 
Engineers. Applied Mechanics Di- 
vision Conference to be held at the 
University of Illinois, Urbana, III. 
Additional information may be ob- 
tained from society headquarters, 
29 W. 39th St., New York, N. Y. 


June 17-20— 

American Society of Agricultur- 
al Engineers. Annual Meeting to 
be held at Hotel Roanoke, Roa- 
noke, Va. Frank B. Lanham, St. 
Joseph, Mich., is secretary. 


June 17-21— 

American Electroplaters Society. 
Annual Meeting to be held at Ho- 
tel Statler, Washington, D. C. Ad- 
ditional information may be ob- 
tained from society headquarters, 
445 Broad St., Newark, N. J. 


June 17-21— 

American Society of Mechanical 
Engineers. Semiannual Meeting 
to be held at Hotel Statler, Cleve- 
land. Additional information may 
be obtained from society head- 
quarters, 29 W. 39th St., New 
York, N. Y. 


June 17-22— 

American Society for Testing 
Materials. Annual Meeting and 
Apparatus Exhibit to be held at 
Chalfonte-Haddon Hall, Atlantic 
City, N. J. Robert J. Painter, 
1916 Race St., Philadelphia 3, Pa., 
is executive secretary. 


June 18-21— 

Institute of the Aeronautical 
Sciences. Summer Meeting to be 
held at the IAS Bldg., Los Angeles. 
Additional information may be ob- 
tained from society headquarters, 
2 E. 64th St., New York 21, N. Y. 


May 3, 1956 


CAUSING YOUR © 
PRODUCT FAILURES? 






For informative technical data on our al- 
loys . . . and for some good ideas... 








. 


*~. 


él yr SHAFTS... 

LEVERS 
SCREENS 
FASTENERS 


SPRINGS 


it Will Pay You To 
Use ALLOYS 


How many times can you trace your product failure to the corros 
sion, wear or breakage of some small part? A screw... a shaft 
... small spring . . . a gear or other seemingly insignificant part? 
In most cases the failure can be blamed on the material from which 
the part was made. The use of Nickel Alloys or Stainless Steel 
Wire, Rod or Strip for these parts could have saved many dollars 
in service and replacement costs because of their superior engi- 
neering properties. 


How much more will alloy materials cost? Actually, on small parts, 
fabrication, finishing and other manufacturing costs will more 
than likely far overshadow material cost. You will find that the 
extra cost of using alloys will be insignificant compared with the 
benefits in longer service life, lower maintenance costs and fewer 
customer complaints. 


SEND TODAY FOR OUR NICKEL ALLOY AND 
STAINLESS STEEL DESIGN HANDBOOKS, 





ALLOY METAL WIRE DIVISION 
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HK H. K. PORTER COMPANY, INC. 
Prospect Park, Pennsylvania 
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REEVES MOTOPULLEY 


V*S DRIVES 


® WIDENING THE HORIZONS OF 


Automation is the key to greater produc. 
tion of more goods and services at lower cost. 
The Tools of Automation can be applied prof- 
itably in a countless number of individual 
industries. 

Reliance can provide you with valuable en- 
gineering assistance which can help secure the 
advantages of automation. 

Our Tools of Automation consist of electric 
motors, variable-speed drives and controls. 


RELIANCE: 


“See us in Booth No. 220 at 
the Design Engineering Show.” 


MACHINE DESIGN 
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AUTOMATION 


Application of these tools ranges from a single 

motor to multi-motor drives for highly com- 

plex production lines, where materials are 

processed into finished products in one con- 

tinuous operation. 
The world’s largest manufacturer devoted 

exclusively to the production of quality motors 

and drives is ready to help you widen the PYSUVN fel teh ie) Gel eli 42°) 

horizons of automation in your plant. AUTOMATIC TRANSFER MACHINES 
Bulletin No. A-1555-B gives further details. 


ELECTRIC AND» 


ENGINEERING CO. 
DEPT. 285A, CLEVELAND 10, OHIO 


Canadian Division: Welland, Ontario e Reeves Division: Columbus, Indiana 
Sales Offices and Distributors in Principal Cities 
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CHROMALOX 
Electric 


TUBULAR HEATERS 


provide controlled 
and dependable 
conduction, convection 
or radiant heat 


These versatile Chromalox Tubular 
Heaters provide the kind of heat you 
need, exactly fitted to your specific heat- 
ing application. 

Available in straight lengths or formed 
to any desired shape. Used for heating 
dies, molds, platens; as immersion 
heaters in liquids, soft metal and molten 
salts; or in ovens, air ducts and other 
air heating applications. 


Let the Chromalox Saies Engineering staff 
solve your heating problems . . . electrically 


Write for your copy of 
Catalog 50 

—for full information on the 
complete line of Chromalox 
ElectricHeaters and controls. 

For ideas on additional ap- 
plications of electric heat, 
request Booklet F1550—“‘101 
Ways to Apply Electric Heat.” 





Edwin L. Wiegand Company 
7575 Thomas Boulevard, Pittsburgh 8, Pennsylvania 


- 
EDWIN L. WIEGAND COMPANY 
7575 Thomas Boulevard, Pittsburgh 8, Pa. 


} | 
| | 
| would like to have... 
| (Ja copy of Catalog 50 | 
1 [-}2 copy of “101 Ways” | 
| {_] a Sales Engineer contact me. | 
| Name - | 
Company : 

| 
| Street j 
| | 
| | 


City Zone State 
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Benjamin L. Hummel and Rob- 
ert L. Stedfeld have been promoted 
to associate managing editors of 
MACHINE DESIGN. Mr. Hummel 
joined the staff as an associate 





Benjamin L. Hummel 


in September of 1952. 


Robert L. Stedfeld 





Appointment of S. J. Pipitone as 
manager of the design analysis de- 
partment has been announced by 
Goodyear Aircraft Corp., Akron. 
He was formerly manager of air- 
frame installations design and, be- 
fore joining Goodyear, served as 
wing engineer with the Glenn L. 
Martin Co. for 13 years. 


W. J. Purchas dr. has been 
named chief engineer for the bear- 
ings department of Transmissions 
Operations by the Allison Div. of 
General Motors Corp. in Indian- 
apolis. Mr. Purchas’ 17 years of 
service with GM include assign- 
ments as draftsman, project engi- 
neer, senior engineer and chief 
engineer of diesel equipment. 


Erickson Tool Co., Cleveland, 
has appointed Harold Ruehl chief 
engineer. 


John E. McBrian recently joined 
the development engineering staff 
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of North Electric Co., Galion, O., 
as a senior project engineer on 
electronics development. 


Harold C. Miller has been named 
manager of magnetic recording 
research at Armour’ Research 
Foundation of Illinois Institute of 
Technology, Chicago. 


Clarence A. Button, assistant to 
the executive vice president of the 
Mueller Brass Co., Port Huron, 
Mich., was elected president of the 
National Screw Machine Products 
Association at the association’s re- 
cent annual meeting. 


The Wright Brothers Medal was 
recently awarded by the Society 
of Automotive Engineers to Wen- 
dell E. Reed, Solar Aircraft Co. 
project engineer and inventor of 
the Microjet control for aircraft 
gas turbine power plants. Mr. 
Reed’s paper, “A New Approach 
to Turbojet and Ramjet Engine 





editor in March of 1950, and Mr. 
Stedfeld came to MACHINE DESIGN 
as an assistant editor in May, 1951. 
He was made an associate editor 
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from face to terminal block 





type 412 
TIME DELAY 


pied ta! 








NEW—Repeat Accuracy within + “4 of 1% of 
full scale (30 sec. and longer ranges); + 2 of 1% on faster 
timers. 


NEW—Full Vision Dial. 300degree scale assures 
precise settings and fast, accurate readings. Dial and pointers 
protected by transparent cover. 





NEW Contacts, rated 15 amps., give positive quick- 
make, quick-break operation. Contacts are of silver cadmium 
oxide with ability to handle high inrush currents. 


Se ae 


NEW Fiexibility in wiring. Nine-position terminal block 
offers side or rear connection, presents a variety of wiring 
possibilities. 


{tt \! 
wal 


ao 
| 





NEW Reset Shock Spring Design Iaboro- 
tory tested for more than a million operations. 


| 
| 


NEW Friction Setting Mechanism allows 
adjustment even while timer is operating. 


NEW—Ratchet Clutch operated by powerful relay, 
provides instant action, no slip. 


NEW O-Ring Retainer permits quick removal of 
bakelite housing, exposing entire timer mechanism. 


Timer driven by high torque (30 in. oz. at 1 r.p.m.) Cramer 
Type 112 Synchronous Motor. 


die R. W. CRAMER CO., %c. 


TIMING 
—" SPECIALISTS IN TIME CONTROL 


BOX 6, CENTERBROOK, CONNECTICUT 











Gerotor 
Hydraulic Pumps 





give 
Higher Efficiency 
at Lower Operating Cost! 


All Gerotor hydraulic pumps are 
recognized throughout industry for their outstanding design and 
performance. Heart of each unit is the exclusive Gerotor mechanism, 
both elements of which revolve in the same direction at relative low 
speed. This results in longer life, less slippage, less wear, a smoother, 
more uniform flow. In your plant or in your product—a GEROTOR 
pump means higher efficiency at lower operating cost. 

Due to modern production facilities, GEROTOR can produce 


special pump designs in quantities on an economical basis. Whatever 
your hydraulic pump problems, bring them to GEROTOR. 


Free literature available . . . write: 


ROTOR 


MAY CORPORATION 











Hydraulic *% Variable : PneuBin— 
Pumps Speed Pneumatic 
and i Hydraulic Bin 

Motors Transmissions & Evacuators 
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Men of Machines 





Control,” presented at the SAE 
national meeting last October, was 
judged the best presentation on 
aeronautics in 1955. 


Francis H. Gerlach has been 
named vice president and engineer- 
ing manager of Lamb Electric Co., 
Kent, O. He joined the company 
in 1953 as manager of engineer- 
ing. Mr. Gerlach had been chief 


Francis H. Gerlach 


engineer of Fasco Industries Inc. 
and also spent 11 years in the 
small motor section of Westing- 
house Electric. 

Lamb also advanced H. F. Doll 
to vice president and plant mana- 
ger. Walter H. Poesse and Milton 
H. Spielman, two founders of the 
original company, have resigned 
as vice presidents but will continue 
as consultants. 


Melvin B. Kline has been named 
manager of the Missile Engineer- 
ing Department of Allen B. du 
Mont Laboratories Inc., with head- 
quarters in Los Angeles. Mr. 
Kline was formerly manager of 
government and special products 
engineering for the Technical Prod- 
ucts Div. He joined Du Mont in 
1941 as an electronic engineer. 


Formsprag Co., Van Dyke, 
Mich., recently announced the 
election of L. T. Szady to vice 
president in charge of engineering. 
Mr. Szady joined Formsprag as a 
design engineer in 1946 and was 
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Men of Machines 











L. T. Szady 


named chief engineer in 1950. He 
previously served as project engi- 
neer and design engineer at the 
Gear Grinding Machine Co. 


Philip S. Hessinger has been ap- 
pointed research and development 
engineer of Mycalex Corp. of 
America. He will be responsible 
for new product development and 
research at the company’s Clifton, 
N. J. plant. 





Ace Electronics Associates, 
Somerville, Mass., has appointed 
Warren Roberts engineer in charge 
of quality control. 


The appointment of William E. 
Taylor as chief engineer of the 
Materials Research Department of 
the Semiconductor Products Div. 
has been announced by Motorola 
Inc., Chicago. Dr. Taylor has been 
associated with the Motorola semi- 
conductor program since its incep- 
tion in 1952. 


Bendix Aviation Corp. recently 
appointed Wallace C. Caldwell to 
head a new department for ex- 
panded research into and produc- 


Div. in Eatontown, N. J. Dr. 
Caldwell has been chief engineer 
of the division’s electron tube plant 
for the last four years. He is suc- 
ceeded by John H. Wyman, former 
chief project engineer for special- 
purpose electron tubes. 
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tion of transistors at the Red Bank ’ 


We wore out 
110,000 Rattlesnakes 





Have you ever been awed by the rapidity 
with which a rattler strikes and recoils? You 
should be! Old “‘diamond-back” can lash out and 
reverse himself in about 1/10th of a second. 
There’s one catch—he wears out after a second 
or so of continuous activity. 


Rapid Reversing 


can be fatiguing for machinery as well as rattlesnakes, but . . . for the 
record, we reversed a GEROTOR VARIABLE SPEED HYDRAU- 
LIC TRANSMISSION (under load) over a million times—con- 
tinuously at a rate of 22 times per minute—without the slightest 
sign of wear to the Gerotor Transmission. 


If your operation demands rapid 
reversing, infinitely variable speeds, 
constant or variable torque ard 
horsepower—all with positive over- 
load protection—check on the new 
GEROTOR VARIABLE SPEED 
HYDRAULIC TRANSMISSION. 
Write: 


ROTOR 


MAY CORPORATION 


1537 MARYLAND AVENUE, BALTIMORE 3, MARYLAND 











Hydraulic Variable PneuBin— 


Pumps Speed Pneumatic 
and Hydraulic , Bin 
Motors Transmissions * Evacuators 
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Have you evaluated 












TRIANGLE MFG. CO. GAST MANUFACTURING CO 


‘cut costs 15%"’ ‘*30% lighter, but performs b 





J ROWE SPACARB, INC. AMERICAN-STANDARD 
ia ‘*saved $3 per unit’’ ‘“cut product size and weig “3 
a 
_— th 
i <r” - 
of 4 


PACIFIC PUMPING CO. DECORA MFG. CO. UN 


‘*helped double sales’’ ‘*“saved 40¢ per unit on shipp ‘pe 








Lag 
5 
SWEDEN FREEZER MFG. CO. AIRCRAFT-MARINE PRODUCTS, INC. DEMING COMPANY ru 
‘‘most dependable motor’’ ‘*extremely low service expense’’ ‘‘saved on handling and shij , 









ONLY G.E. OFFERS 
ALL THESE FEATURES 






motor savings yet? 


TODAY THOUSANDS OF COMPANIES CUT COSTS, 
BOOST QUALITY WITH ADVANCED G-E MOTORS © MORE COMPACT up to 40% 


material and handling costs. 








In the past four years, equipment manufacturers 
have bought nearly 5,000,000 smaller, lighter G-E 
fractional-hp motors. Today, they testify to the 
tangible, measurable benefits they have realized. 
For example: 











‘o> MANUFACTURING AND SHIPPING SAVINGS 
.” amounting to about 15% resulted from a Detroit 
ieee ae pump manufacturer’s* decision to switch to ad- 
\ vanced-design G-E motors. Rugged construction sal 
: cdanmetine iain om of the G-E motor permitted direct mounting, MYLAR INSULATION (right)— 
he eliminated several parts. Lighter weight reduced 35 times the moisture resistance 
: reduces mater. Hechs worker fatigue, helped speed assembly—shipping of paper insulation (left). 

and packaging savings alone were 30¢ per unit! 

Result: a better-looking, more efficient unit which 

ad sells at a 10% lower price! 


GREATER POWER AT NO EXTRA COST helped a 
Chicago office machine manufacturer* boost the 
saleability of his product. Lower handling, ship- 
ping, and assembly costs, modern appearance, and 
the sales value of the G-E monogram cause this 
well-known manufacturer to credit the G-E motor 


+. ao with making it “easier to design, build, ship, and ALL-ANGLE OPERATION — pro- 
: tective lubrication in any posi- 





a P sell’’ his machines. tion—without costly specials. 
amet ea. 
UNSURPASSED DEPENDABILITY of the ‘“‘years- EY MOTOR OiL SUPPLY 
A. B. DICK CO. ahead” G-E motor is a proven fact to thousands 


more value for your money” of manufacturers. A typical experience is that of a 
California compressor manufacturer*, who in- 
troduced a G-E powered paint sprayer over two 


; en ~~ 4 years ago. To date 99.9% of these units have never 
- required motor service. 
a. 2k TREMENDOUS SALES APPEAL of products designed 
hes ef” ~*n® to take advantage of all the G-E motor benefits is 
: typified by the case of a West Coast pump manu- DOUBLE LUBRICATION LIFE— 
CO tee facturer*. Just one year after introducing a stream- 50°, more oil, efficient reten- 
. . a a A lined new unit, made smaller and easier to handle Gon system cut maintenance. 
yu a? by the G-E motor, his manufacturing costs had 
been reduced and his sales had doubled! 
““Years-ahead” design and proved performance of 
UNIVERSAL INDUSTRIES the G-E motor are helping to establish the leaders 
p ped make peeler portable’’ in many fields. If you’d like more information, or 


help in taking greater advantage of the G-E 
motor’s benefits in your products, contact your 
nearby G-E Apparatus Sales Office, or write to 
Section 702-24, General Electric Co., Schenectady 


5, New York. MOUNTING VERSATILITY —rotate 
. *Actual case histories available on request. motor in resilient or solid base. 
tDupont trade-mark for polyester film Cradle easily removed. 






Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC | 





7 
— 
— 7 
© ee 
FINNELL SYSTEM, INC. 
standardized on G.E."’ 


The value of rare earth elements in certain alloys for 
elevated temperature service can be seen in this hot 
forgeability test. Cast cones, identical except for the 
addition of cerium in one, are heated to forging tem- 
perature and upset or hammered into flat “pancakes”. 
Note the relative freedom from cracks and tears in the 
specimen containing cerium. 

What does this improved hot workability mean to 
you? It means better forged finishes requiring less 
machine clean-up . . . less wasted steel . . . fewer rejects 

. faster fabricating. 

Carpenter alloys for elevated temperature service have 
an enviable reputation for improved forgeability, and 
exceptional cleanness which meets the strictest inspec- 
tion requirements. 

Carpenter pioneering in tool steels, super corrosion 
resisting steels and free-machining stainless steels has 


arpenter USES RARE EARTH ELEMENTS TO IMPROVE 
FORGEABILITY OF ALLOYS FOR ELEVATED TEMPERATURE SERVICE 


helped hundreds of companies to improve products and 
cut costs. This same specialty mill experience can help 
you do a better, low cost job on any parts or products 
you make for high temperature service. It'll pay you 
to investigate. Contact your Carpenter Representa- 
tive, or drop us a line on your company letterhead. 
The Carpenter Steel Company, 120 W. Bern St., 
Reading, Pa. 


Specify Carpenter alloys for elevated temperature service 
and get these three big advantages... 


Improved Forgeability 
Greater Uniformity 


Cleaner Steel 


"77 Improved Alloys for Elevated Temperature Service 
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PROPERTY AND APPLICATION DATA ON THESE 
* VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 


Gears and housing of ZYTEL* nylon resin permit 
simplified, more compact paintbrush-cleaner design 





Ball valve seats of TEFLON® 
provide tight, long-lasting, 
chemically inert seals 


“Double-seal” ball valve manufactured by the James- 
bury Corporation, Worcester 5, Massachusetts. Proc- 
essors—Crane Packing Company, Chicago, Illinois, 
and United States Gasket Company, Camden, New 
Jersey. 


WITH SEATS of “Teflon”, these 
valves are able to handle practi- 
cally all known liquids and gases 
—through extreme temperature 
ranges. They also offer the advan- 
tage of economy by reducing main- 
tenance time. 

“Teflon” tetrafluoroethylene 
resin is inert to all chemicals nor- 
mally used in industry. Only alkali 
metals and fluorine under special 
conditions affect “Teflon”. 

“Teflon” is non-flammable and 
has zero water absorption. Its 
chemical inertness, heat resistance 
(working temperature range of 
“Teflon” extends from —450°F to 
500°F), resiliency and toughness 
recommend “Teflon” for use in 
gaskets, packings and component 


parts of pumps, agitators, mixers 


and for valve seats and discs. 

Investigate the benefits of using 
“Teflon” in your own applica- 
tions. No other single material 
serves so well over such a wide 
range of conditions. 





oe, 


3 : 6. 
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Photo of “Spin-A-Brush” cleaner in use, with exploded view showing parts of “‘Zytel” in red. (Parts 
molded by Process Gear Company and Chicago Molded Products. Manufactured by Portable Electric 


Tool Company, Chicago, Illinois.) 


Tuis hand-operated paintbrush cleaner has 
been designed for home or professional use. 
The lightweight, compactly designed unit 
will clean a paintbrush or paint roller in 
approximately ninety seconds. 

A handle actuates molded gears of “‘Zy- 
tel”, set at a 1 to 8 ratio, which spin the 
brush. These smooth-operating gears of 
“Zytel” require no lubrication and reduce 
backlash considerably. A self-tapping metal 
screw attaches the initial gear to the handle, 
locking the gear securely and permanently 
in place. 

“Zytel” nylon resin was selected for this 
application because it is accurately and in- 
expensively injection molded and requires 
no further finishing. The bevel gear and spur 
of *Zytel’”’ mold as a unit, eliminating a 
costly machining and assembly operation. 


The use of **Zytel” made possible an im- 
provement in styling, in addition to substan- 
tial cost savings. The comfortable palm grip 
housing of “Zytel” is durable, lightweight, 
and impervious to ordinary solvents. Each 
half contains several complicated inserts, 
and is molded to close tolerances in one op- 
eration. The parts join neatly together with- 
Out grinding. The attractive grey finish re- 
quires no polishing or buffing. 

Because of its unique combination of 
properties, ““Zytel” nylon resin does a su- 
perior job in a great variety of industrial 
applications. “‘Zytel”’ is distinguished by its 
toughness, form stability at high tempera- 
tures, and chemical resistance. Be sure to in- 
vestigate Du Pont “Zytel” nyion resin. 
Complete property and application data are 
available to you without cost or obligation. 





Flexibility of ALATHON® assures close 


fit, positive protection in dust masks 


“Alathon” polyethylene resin plays a key 
part in this new paint and dust mask, which 
affords improved protection and comfort to 
both commercial and home users. 

One of the major difficulties in protective 
masks—air leaks around the frame—has 
now been eliminated. The frames of “*Ala- 
thon” are contoured and flexible, making 
them adjustable. Serrations on the inner 
edge of both frame members provide an 
airtight filter lock. 

‘““Alathon” makes possible other protec- 
tive benefits. Non-toxic “Alathon” is unaf- 
fected by paint or perspiration and can be 
easily sterilized. It is tough—unbreakable in 
normal usage. Du Pont **Alathon” polyethyl- 


ene resin can be injection molded, 
providing economy to the manu- 
facturer. (Manufactured by Flexo 
Products, Inc., Cleveland 13, Ohio.) 


OVER 





PROPERTY AND APPLICATION DATA ON THESE 
VERSATILE ENGINEERING MATERIALS: “ZYTEL,” 
“ALATHON,” “TEFLON,” “LUCITE.” 


LUCITE® provides beauty 
and durability for 
antenna base 


Du Pont “Lucite” 
decorative touch to this auto radio antenna. 
“Lucite” was selected by Ford Motor Com- 
pany for this job, because it is available in 
a wide range of attractive, non-fading colors 


acrylic resin adds a 


and is unaffected by weather. 

“Lucite” is shatterproof, light in weight, 
chemical resistant, and easy to keep clean. 
Because of this excellent balance of proper- 
ties, Du Pont “Lucite” acrylic resin can 
solve a wide variety of product design prob- 
lems involving long-term light transmission 
and outdoor weathering. “Lucite” is fabri- 
cated economically by injection and com- 
pression molding, extrusion and forming. 
For further information, use the coupon at 
the bottom of this page. (Molded by Sajar 
Plastics, Inc., Middlefield, Ohio. Manu- 
factured by Tenna Manufacturing Com- 
pany, Cleveland 25, Ohio.) 
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TEFLON® offers superior electrical 
and mechanical properties for 
aircraft spark plug insulators 








Cutaway view of aircraft spark plug, showing two in- 
sulation sleeves of “Teflon” tetrafluoroethylene resin 

red. (Spark plug manufactured by the Jet Ignition 
Company, Larchmont, New York. Sleeves of “Tef- 
Manheim, 


on by Raybestos-Manhattan, Inc 


Pennsylvania.) 





Gear movement of “Zytel” nylon resin 
Pluto clock offers 


compact design 


novelty 


lightweight, 
plus smooth, quiet opera- 


tion, with no lubrication. “Zytel” nylon 
resin is injection molded and requires no 
further finishing. Its strength and stiffness, 


**Teflon”’ replaces ceramic... 
eliminates breakage problems 


Two THIN SLEEVES of “Teflon” tetrafluo- 
roethylene resin outperform the ceramic 
insulator found in conventional aircraft 
spark plugs. The use of “Teflon” virtu- 
ally eliminates the possibility of failure 
resulting from dropping, mishandling, 
normal engine vibration or other me- 
chanical injury to the barrel of the plug. 

During the development and testing 
of the plugs, failure with standard ce- 
ramic sleeve insulators was experienced 
at 150 to 200 hours of operation. Fail- 
ures were invariably due to the cracking 
of the ceramic insulator. No cracking 
has been observed with insulators of 
“Teflon”, even after prolonged testing. 

The insulating properties of “Teflon” 
are far superior to those of the ceramic 
sleeve. You will note from the illustra- 
tion that two sleeves of “Teflon” are 
used—one inside the other. This pro- 
vides added protection against dielectric 
failure. 

Aircraft engine plugs with sleeve insu- 
lators of “Teflon”, as illustrated, are ap- 
proved by the CAA for use in the R-1820 
engine and the Franklin 0-335-5 and 
0-335-6 engines and are in use in these 
engines at the present time. 

The mechanical, electrical, and chemi- 


even in thin sections, assure parts which 
will provide years of trouble-free service. 
(Clock by Allied Manufacturing Company, 
Seattle 44, Washington.) 


cal properties of “Teflon” have found 
use in a variety of design applications. 
Do you require material that is chemi- 
cally inert? Suitable for use at extreme 
temperatures? Tough and resilient? For 
complete property data on this versatile 
Du Pont engineering material, mail the 
coupon at left. 











E. 1. DU PONT DE NEMOURS & CO. (Inc.) POLYCHEMICALS DEPARTMENT 
Room 125, Du Pont Building, Wilmington 98, Delaware. 

in Canada: Du Pont Company of Canada, Ltd., P. O. Box 660, Montreal, Quebec. 
Please send me more information on the Du Pont engineering materials — 


checked: [] ‘‘Zytel’’; [] ‘“‘Alathon’’; [] ‘‘Teflon”’; [] “‘Lucite”. | om in- 


terested in evaluating these materials for: 





NEED MORE 
INFORMATION? 


For complete details that will help you 
further evaluate the Du Pont engineering 
materials for use in your product develop- 
ment programs, mail the coupon at the left. 
Specific property and application data will 
be sent to you. 


NAME POSITION 
COMPANY 
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CITY 
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NOW! 40-micron, self-cleaning filter 








It’s the new Cuno SUPER Auto-Klean 


“2? 





HOW IT WORKS. Dirty oil enters inlet (1) at left, fills housing 
(2) and flows through metal edge-type filter (3). Clean oil 
rises through center of filter, leaves at right. Dirt combed 
out by cleaner blades (4) is removed through drain (5). 


FUTER ELEMENT consists of stacked major and minor discs and 
cleaner blade bearing against minor discs. Smal] arrows show 
flow. Short restrictions between minor and major discs stop 
40-micron particles but allow high flow rate. 


Cuno’s new SUPER Auto-Klean is the first practical, com- 
pact micronic filter for lubricating oil, hydraulic fluid, coolant, 
fuel, and other industrial fluids. 

Many times smaller than other micronic filters of equal ca- 
pacity, Cuno’s new SUPER Auto-Klean filter now makes 
possible economical, micronic filtration at high flow rates 
and eliminates the need for replacement cartridges in most 
cases. Here’s what it offers: 

1. Full-flow 40-micron filtration with a self-cleaning filter. 
Positive protection against particles larger than 40 microns 
(actually 0.0015 in.). All-metal filter can’t rupture or channel. 
2. Easy cleaning. Just turn the handle—by hand or continu- 
ously with motor drive. No interruptions for cleaning. 

3. No cartridge changes. Ends operating costs if you've been 
using cartridge filters. 

4. Low pressure drop, no pressure drop build-up. An 8” b 
2k” SUPER Auto-Klean filters 30 gpm of 200 SSU oil 

only 3 psi pressure drop—up to 75% more with slightly 
higher pressure. 

5. High capacity in a small package. Many times smaller 
than replaceable-cartridge filters of equal capacity, it 
saves with lower initial costs, lower installation costs. 

6. Easy to build into new equipment. Available for line-type 
housings (left) or incorporation in sump or reservoir (below.) 
Works in any position. 

7. Easy to install in old equipment. Fits existing Auto-Klean 
housings. You can easily replace most 2%” diameter elements 
with SUPER Auto-Klean ber finer filtration. 


Write today for complete technical data on the new 
SUPER Auto-Klean for your new or existing equipment. 
Ask for Catalog No. SAK-057. Cuno Engineering Corpora- 
tion, 14-5 South Vine Street, Meriden, Connecticut. 39 
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FILTERS FOR INTERNAL PIPING (A and B above) allow stream- 
lined design plus the best infiltration. Flange mounting with 
external outlet (C above) and line-type (large cutaway aBove 
left) are just a few of many other possibilities. 


See this and other Cuno filters at 
Booth No. 403, Design Engineering Show, 
Philadelphia—May 14-17 


AUTO-KLEAN (edge-type > MICRO-KLEAN (fibre cartridge) - FLO-KLEAN (wire-wound) *PORO-KLEAN (porous metal) 
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A typical new product planning session at Argus includes, from 
left to right: N. L. Symons, Director of Purchases; G. D. Flannery, 
Purchasing Agent; M. K. Carr, Chief Product Engineer; J. N. Steel, 


. i 
a 


i 





Advertising Manager; C. F. Myers, Superintendent of Mechanical 
Processing. 


A VISIT TO ARGUS’ TO SEE WHAT THEY’RE DOING 
WITH ALCOA SCREW MACHINE STOCK 


Born in the depths of the 1931 depression, Argus 
Cameras, Inc., now occupies the country’s leading 
position as a manufacturer of 35 mm cameras. 
Aluminum plays a major role in making the broad 
Argus line of photographic equipment light, lasting 
and above all salable. Projector housings are die 
cast in aluminum. Lens housings, rewind knobs, 
focusing mechanisms are made of Alcoa® Aluminum 
Screw Machine Stock. One characteristic is common 
to all screw machine parts made by Argus. That 
characteristic is precision. Tolerances in “tenths of 
thousands” are commonplace. Diamond turned 
finishes are routine. Jewel-like appearance is a 
production byword. 

*Although quality appearance is mandatory at 
Argus, it may not be a requirement of your product. 
Consider, then, the other reasons why the trend to 
aluminum screw machine parts can no longer be 
bucked: excellent machinability of today’s free-cut- 
ting Alcoa alloys . . . electrical and thermal conduc- 
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tivity . . . corrosion resistance. High performance of 
the finished part, coupled with the solid economic 
fact that you get three times as many parts per pound 
as with heavy metal, makes up the total “good sense” 
of aluminum. These are hard commercial reasons 
why aluminum, more than ever before, should be 
carefully considered for every screw machine part 
you make or specify. Help in this type of analysis is 
available for your product from every one of Alcoa’s 
local sales offices listed in your phone book under 
“Aluminum.” ALUMINUM COMPANY OF AMERICA, 
873-E Alcoa Building, Pittsburgh 19, Pennsylvania. 








MACHINE DESIGN 
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Purchasing session on aluminum screw machine parts and stock is 
held by: N. L. Symons, Director of Purchases (left) and Purchasing 
Agents, L. H. Thomas (center) and G. D. Flannery (right). 


IN PURCHASING 


“Our purchasing department at Argus demands dependability 
from suppliers. It is this single fact that has characterized 
our relationship with Alcoa over the past 11 years. We have 
never had a reject of Alcoa Screw Machine Stock. Alcoa’s 
research and development aid are always available when 
needed. We don’t believe you could ask more of a supplier 
than we get willingly from Alcoa.” 


IN DESIGN 


“The low cost of aluminum is a tremendous factor in the 
manufacture of a volume product like cameras. But beyond 
that, we in design lean heavily on aluminum for thé better 
product it makes possible. Light weight and corrosion re- 
sistance are mandatory in cameras. The permanent black 
anodized finish, possible with aluminum, has led to its use 
in place of brass for some parts like lens-retaining rings. 
Freedom from plating makes parts like lens mounts and 
focusing mechanisms more practical in aluminum than 
brass or steel. 

“In design considerations, the combination of Alcoa litera- 
ture and Alcoa technical assistance gives us firm foundations 
of fact on which we can make decisions.” 





Design consultation on aluminum parts includes: Chief Product 
Engineer, M. K. Carr (standing) and Assistant Chief Product 
Engineer, E. O. Zill (seated). 





Inspecting fine finish on aluminum lens mounts are: A. E. Danner, 
Shop Foreman (left) and C. F. Myers, Superintendent of Mechan- 
ical Processing (right). 


Typical parts machined by Argus from Alcoa Aluminum Screw 
Machine Stock. 


IN PRODUCTION 


“We machine aluminum at tremendous feeds and speeds. 
Many of our parts require 75% stock removal. For these, 
the machinability of aluminum and its high scrap value stand 
us in good stead. The fine finish, so necessary to camera 
parts, is easily attainable with Alcoa Screw Machine Stock. 
And in this respect, consistency of quality from one shipment 
to the next is perhaps the place where Alcoa serves us best. 
Fine threads and close tolerances are second nature to us. 
We like the way aluminum gives us these qualities without 
constant tool change and lost setup time.” 


THE ALCOA HOUR 
TELEVISION'S FINEST LIVE DRAMA 
ALTERNATE SUNDAY EVENINGS 


Your Guide to the Best 
in Aluminum Value 





—ITEM 580— 


May 3, 1956 For More Information Circle Hem Number on Yellow Card—page 19 


41 














Output up...costs down in plant operating eight presses with Ductile Cast 
Iron dies, shafts, gears, drums, shoes and the like. State Foundry and 
Machine Co., Cedar Grove, Wisc., licensed by Inco to produce Ductile Cast 
Iron, turns out replacements that far outlast previously used materials. 


Breakage problem solved. Ductile Cast Iron used 
on all 8 presses for backshafts. 5’ long and 6” 
at widest diameter, with 1” air hole in center 
bore, Ductile Iron units need no 8-hour replace- 
ment jobs every two months. 


j 


| 


Longer life comes from strength and toughness 
of Ductile Cast Iron. Yet you can readily ma- 
chine the fine-grained, wear-resistant Ductile 
Cast Iron used for this heavy-duty crankshaft. 


Still good after stamping 875,000 blanks (left) 
into cases (right). This Ductile Cast Iron die, 
oil quenched from 1750°F, and stress-relieved at 
375°F, develops 55-58 Rockwell C. 


Engineers extend life of press parts... 
up to 18 times with Ductile Cast Iron 


IMPRESSIVE RECORDS come from eight 
135-ton presses that stamp out 20-mm 
cartridge cases. 
1. Where tool steel dies averaged 
forty to sixty thousand cases... 
875,000 cases are now punched 
out by Ductile Cast Iron dies. 
2. Where steel backshafts support- 
ing 3000-pound clutch assemblies 
failed in about two months... 


Ductile Cast Iron backshafts 
have so far served 10 months. 


3. Where gray iron brake drums 

lasted six months maximum... 
Ductile Cast Iron replacements 
still operate after 18 months. 


Other advantages 

As press parts of cast iron and 
steel wore out or broke, Ductile Cast 
Iron replacements took over. That 
reduced downtime, production costs 
and maintenance, too. 

Despite its high wear resistance, 
Ductile Cast Iron is easy to machine. 
This advantage saves both time and 


ductile iron... the cast iron that can be twisted and bent 
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labor . . . a factor to consider in 
selecting material for almost any ap- 
plication. 

Now replacing more costly mate- 
rials in many fields, Ductile Cast Iron 
behaves better in the shop as well as 
on the job. Get the full story of this 
economical iron. It’s several times 
stronger than gray cast iron and up 
to 12 times tougher. Send for a copy 
of “DUCTILE IRON, The Cast Iron 
THAT CAN BE BENT!” It’s filled with 
helpful data. Write for your copy 
now. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street, New York5, N.Y. 


MACHINE DESIGN 
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ONE naecTNA BEARING DOES A 
Former TWO searinc sos 


RESULT: 
A LIGHTER, SMALLER PUMP WITH 


FEWER PARTS PLUS IMPROVED 
PERFORMANCE AND RELIABILITY 








j-) 2 


This recently improved variable displacement 
piston type pump packs more power in less space 
than any other pump made—has, in fact, notably 
higher efficiency with a third less of the weight 
and size of its previous design. 

To achieve this significant miniaturization job 
the pump makers turned to Aetna for assistance 
in “‘shrinking’”’ the all-important anti-friction 
bearing units. You see the result here: one 
special, space-conserving Aetna thrust bearing 
tailored to do the job that formerly required two 
conventional-size angular contact bearings. 

This example of how Aetna is helping industry 
compress its products into smaller, cost-cutting 
dimensions is not at all exceptional. For 40 years 
solving difficult friction problems to help make 
good products better has been one of Aetna’s 
most intensified engineering activities. 

We invite you to use that wealth of specialized 
engineering knowledge whenever you have a ball 
bearing, roller bearing or precision parts problem. 














Cross sections showing comparative size of present and prev 
ous bearings When conserving space is important (as if is in 
everything aeronautic) dimensional savings like this o 
contributions to the aviation industry. Could your product 
benefit in the same way? 


AETNA BALL AND ROLLER BEARING COMPANY 


Division of Parkersburg-Aetna Corporation 


4611 SCHUBERT AVENUE + CHICAGO 39, ILLINOIS | 


Manufacturers of: Standard and Special Ball Thrust Bearings * Angular Contact Ball Bearings « Radial 
Ball Bearing Mounted Units « Special Roller Bearings « Ball Retainers * Hardened and Ground Washers 
« Sleeves « Bushings « Miscellaneous Parts 
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This unit is equipped with a 
water cooled, high speed Hew ARC 
HW-13 torch—ideal for ma- 
chine welding. 


Stator packs, thin sheet steel stampings joined 
together, form the laminated enclosure around the 
armature in electric motors. These parts have been 
riveted, bolted, and even welded together in the 
past... But now using Hetarc welding, they are pro- 
duced faster and more economically than ever before. 


Costs Ya a cent or less to Heiarc weld a stator 
which previously cost manufacturers one cent to rivet. 


Maximum electrical efficiency is obtained with 
Heviarc welded stators—a quality difficult to obtain 


from riveted or bolted stators. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [I[m@ New York 17, N.Y. 
Offices in Other Principal Cities 
In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 
(formerly Dominion Oxygen Company) 


The terms “‘Heliarc,’’ “‘Unionmelt,”’ and “‘Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 


TRADE-MARK 


Welding speec; up to 60 in. per minute are now 
possible. HELIARC torches in a mechanized setup weld 


a complete stator pack in a matter of seconds. 
HELIARC, sigma, and UntonMELT welding processes 
— brought to industry by LinpE’s service engineers, 
form a top notch fabricating team in operations for 
small shops or huge production lines. From carbon 
steel to complex alloys, whatever your welding needs 
are, your local LinpE representative will be glad to 
help you determine the most efficient, economical 
welding process for that work. Call him today for 


more information. 





Trade-Mark 
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Design “Low Cost” 
Into YOUR Equipment 


Wg 


Wolds Largest 




















iPS FOR ATTACHING SIGHT 
BING > GRAVITY 
hen ordering, FEED 
oO bed Single Clips OILERS 
ple TF. Rate of oil 
flow regulat- 
PE SRA: ed by needle 
: valve, direct- 
3-Tube Clips : through sight 
a glass in stem. 


7 Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 





4Tube Clips 





Double Clips — Wing Type 





. SIGHT GAUGES 









SIGHT For use where rate of 
GRAVITY = oil flow must be reg- 
FEED ulated to suit changing 
MULTIPLE operating conditions. 
OILERS Needle 
valve 

= permits 

extremely 

accurate 

adjustment 


of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 


















is one unit replaces 3 to 8 
lividual oilers. Maximum 
icality in a small central 
ication system. Positive cut- 
during idle periods. Individ- 
vibration-proof needle valve 
Hustments. With solenoid con- 
illustrated): Style MDS— 











LUBRIKIT. . . An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. | 


Special Introductory Price 
just $1425 F.0.8. Factory 
Satisfaction or your money back 






















GEAR 
CASE 
GAUGES 





This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 





Don't price yourself out of the mar 
ket. When you design proper lubri 
cation into your equipment, specify 
GITS Lubricating Devices—the wid 
est selection available anywhere 
The items pictured above are only c 
few of our many thousands of lubri 
cating devices. At the design stage 
get the GITS story. Free Engineerinc 
Service. Send NOW for your free 
Catalog. 



























Gi1ITs BROS. Mrs. Co 
The Standard For Industry For Almost Half A Centu 
1868-C South Kilbourn Avenue ‘ 
Chicago 23, Illinois 








Clip this page for handy “rough reference” 














ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HVYVATT... 









Outer races are necessary parts of all roller bearings, 
except in cases where a roller operating surface of 
suitable hardness and finish can Be provided in the 
housing. In housings of aluminum, cast iron or un- 
heat-treated steel where a hardened and ground 
surface cannot be obtained by any practical means, 
outer races are required to assure a fatigue-resistant 
pathway on which the rollers can operate smoothly. 


The outer race is not 
normally the critical 
member of a cylindri- 
cal roller bearing. This 
does not mean, how- 
ever, that outer races 
cannot suffer fatigue 
failure. All objects sub- 
jected to stress repe- 
titions can fail after 
a small number of 
stresses—or may enjoy 
a surprisingly long life. But experience definitely shows 
that percentages favor the outer race, and the reason 
is apparent in Figure 1, which shows a roller engaging 
both an outer and inner race. Note that the load is 
spread over a larger area of contact on the outer race, 
which results in a much smaller maximum stress. This 
demonstrates in part the principal reason why inner 
races are the critical member of most cylindrical roller 
bearings, as explained in one of our previous messages. 





Nevertheless, HYATT outer races are manufactured 
with the same scrupulous care that is applied to inner 
races and all other components of HYA Bearings. 
Outer race performance must match the performance of 
the rest of the bearing. We consider the fact that the 
outer race is not the critical member as a safety factor— 
not a license to reduce quality. 
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Cylindrical Roller 
Bearing Outer Races 


Why they are necessary... their 
importance in relation to bearing 
versatility ...wide variety of 
configurations and iocating devices 


1. OUTER RACE TYPES 


HYATT Hy-Load outer races are available in a variety of 
standard configurations for every type of application require- 
ment (Figure 2). The W, L and Y races have solid flanges 
capable of sustaining light or intermittent thrust loads. The 
T and Y races are assembled with internal snap rings; they 
have equal radial load-carrying capacity but are not recom- 
mended for applications where a continuous thrust would 
be taken by the snap rings. The T, Y, L and W races may 
all be mounted using the roller ends against either the solid 
shoulder or internal snap ring for purposes of locating the 
outer race axially. 


2. CIRCUMFERENTIAL LOCATION 


An ample choice of outer race locating methods may be used 
with HYATT Hy-Loads. Circumferential location is often 
accomplished by the use of a press fit. (Our general recom- 
mendation is that the rotating race be applied with a press fit 
and the stationary race be applied with a push fit.) When a 
push fit is employed, circumferential location is satisfactorily 
accomplished by axial clamping against the race ends. 
Positive circumferential location is provided by the use of an 
outer race dowel. 


3. AXIAL LOCATION 


Axial location of an outer race is conventionally accomplished 
by pressing or pushing the race to a housing shoulder. The 
race may be constrained from “walking out” of the housing 
bore by the flange or snap ring operating against the roller 
ends. Positive axial location is accomplished by axial clamping 
against a housing shoulder or snap ring. 


It may occur, however, that a shoulder is not available in the 
housing. Under these circumstances, it is necessary to employ 
an auxiliary holding de- 
vice such as an external 
snap ring or an outer 
race dowel. HYATT Hy- 
Load Bearings can be 
supplied tooriginal equip- 
ment builders with outer 
races having a snap ring 
groove (Figure 3) or a 
blind dowel hole (Figure 


4) at small added cost. 


MACHINE DESIGN 











a. 


Since the outer race is usually the stationary member of the 


OPERATIONAL REQUIREMENTS 


bearing, the exact maintenance of wall variations and runout 
is not ordinarily critical. However, the outer race may be the 
rotating race in certain applications—so quality controls are 
rigidly applied to all HY ATT outer races to maintain: 


a. Minimum wall variation. b. Minimum runout of 
race ends to bore. ¢. Minimum runout of race flange 
inner faces to bore. d. Minimum pathway and outer 
diameter taper. @. Minimum outer diameter tolerance. 


MANUFACTURING PROCEDURES 


During manufacture, 
the following 
of operations provide the 
controls necessary to gen- 
erate outer races which 
meet the strict opera- 
tional standards main- 
tained by HYATT: After 
careful primary machin- 
ing and heat treating, the 
ends are faced off square 
and parallel by a double 
end grind. This provides 
a reference surface from 
which all runouts and 
squareness can be gaged. 
Outer race diameters are 
generated by the center- 
less grinding method to 
provide an O.D. with as 
little out-of-round as 
practical. The through- 
feed method of grinding 
represents a valuable 
economy (Figure 5) to 
help reduce race costs. 


sequence 


ete fC 


Ww 
CHUCKLESS 1|.D. GRIND 


Grinding the flange on a Hyatt outer race. 


Next, the pathway (or race I.D.) is ground centerless, 
generating a cylinder concentric with the O.D. cylinder. This 
is accomplished by 
driving the race on the 
O.D. and positioning the 
grinding wheel relative 
to the drive roll (Figure 
6). Finally, the flanges 
are ground using the 
race ends as a reference. 
The result is a race of as 
nearly perfect geometry 
as is practical (Figure 7). 
It is then critically in- 
spected to insure tradi- 
tional HYATT depend- 


ability and the maximum possible service life. 


FLANGE GRIND 


YOU WILL FIND FURTHER DETAILS 
in HYATT General Catalog No. 150, or your nearby 
HYATT Sales Engineer will gladly help you choose the 
type of cylindrical roller bearings best suited to your 
design requirements. Remember, HYATT is America’s 
first and foremost maker of roller bearings. Hyatt 
Bearings Division of General Motors, Harrison, N. J. 


YATE 


ROLLER BEARINGS 
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U. S. AXLE has long been famous for custom-made preci- 
sion shafts, machined from finest alloy steels. Now, with 
the addition of new shot peening equipment, U. S. 
“Custom-Engineered” Shafts can be made up to 5 times 


tougher, for extra advantages in every type of product. ' 


AXLE SHAFTS — 


AY LIGHTER WEIGHT 


Extra strength permits using shafts of smaller for every application 


» diameter, reducing weight. 


LONGER LIFE 
In actual torsion tests, U. S. shot peened shafts 
outlasted unpeened shafts approximately 5 to 1! 


. ] This illustrated 
RLD Ty 5 ‘ 
Et wo RNS LE folder will show 
¥ ON U. S$. Ay ' you why U. S. AXLE 
is your best source for precision-made special 
shafts. Write for your copy today. 


ot 


US a For a prompt quotation on a U. S. “ Custom- 
i Engineered”’ Shaft, to meet your needs, send 
THE AXLE COMPANY, INC. ) us your blueprints and specifications. 
Since 1920 «¢ Pottstown, Pennsylvania 


ee 3 
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(Advertisement) 





How to Control a Home Air Conditioner 








No. 2 of a series 


Showing the broad application range of Fenwal Controls 





In this packaged high efficiency 
home heating and cooling system, a 
gas boiler and a water chiller combine 
to raise or lower the temperature of 
water circulating to the room condi- 
tioner units. The problem was to reg- 
ulate the temperature of the water 
precisely, by supplying or removing 
just enough heat, so that the desired 
room temperature would be assured. 

The solution was a Fenwal Snap- 
Action THERMOSWITCH control, Series 
20000. Temperature range of this 
particular model is 25° to 225°, and 
the setting is at 100° + 3°F. The de- 
vice functions as a low limit common 
fan control for all unit room condi- 
tioners. In the heating operation it 
permits fans to operate when the 
boiler water temperature reaches 
100°F, shuts them off when water 
temperature drops below 100°F. In 
the cooling operation the cover- 
mounted toggle switch permits con- 
tinuous fan operation and acts as an 
off-on switch for all room unit fans. 





A FENWAL SNAP-ACTION THERMOSWITCH 
UNIT in this home air conditioner effec- 
tively controls both heating and cooling 
operations. This type of Fenwal device 
is ideal where a local bulb unit is required 
for accurate control with relatively large 
electrical loads. 


tion of the push-rod at the snap 
switch. Since the liquid completely 
surrounds the bellows and is in direct 
contact with the external shell, fast 
response is assured. Units are avail- 
able in six standard temperature 
ranges between —75°F and +300°F. 
Units are UL approved. 















































FANS ARE CONTROLLED by the Snap- 
Action THERMOSWITCH unit as shown in 
this wiring diagram. Note the toggle switch 
(top), manually operated for heating or 
cooling, the thermostatically operated fan 
control switch (bottom), and the individ- 
ual fan connections (right). 

















LOCATION of the Snap-Action THERMO- 
SWITCH control in the air conditioner is at 





OPERATING PRINCIPLE. In the 
Fenwal Snap-Action THERMOSWITCH 
control, Series 20000 and 21000, con- 
tacts in the head are actuated by a 
push-rod connected toa bellows in the 
liquid-filled shell. High thermal activ- 








Many Other Uses 

Among the growing list of applica- 
tions for Fenwal Snap-Action THER- 
MOSWITCH controls are: hot drink 
vending machines, commercial laun- 
dry equipment, commercial dish- 
washers and swimming pool heaters. 
Wherever accurate, sensitive temper- 
ature control under high electrical 
loads is required, the Series 20000 and 
21000 units offer advantages found in 
no other thermostatic controls. 


For Your Own Applications 


Investigate the many different 
types of Fenwal temperature control 
and detection devices. Besides the 
20000 Series described here, these in- 
clude standard THERMOSWITCH units, 
Midgets, Miniatures, Indicating Con- 
trollers, etc. Send the coupon for new 
Catalog No. 500 and remember that 
Fenwal’s engineering staff is always 
ready to help you solve any tempera- 
ture control problem. 


7 
| FENWAL INCORPORATED 


195 Pleasant Street 
Ashland, Mass. 





Please send me your 
Catalog No. 500. Our specific prob- 


| 
| 
| 
| 
| 
I 
the boiler outlet, between the outlet and ity, necessary to combine close con- Oy | 
the pressure relief valve at the system | tro] with “snap” contact actuation, is | 
supply outlet. This cut-away view shows w haecar a ie Ge eer eee eee eens ee 
its position relative to other elements in achieved by converting the cubical | 
the system’s central unit. expansion of the Hawid to meer mo- fj. ow os oo enc ccncnecas een | 
l 
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CONTROLS TEMPERATURES .. . PRECISELY I 
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TOMORROW: 


A standard motor 
that can survive infinite heat 


The new feline, is another step closer 


Westinghouse is working on tomorrow’s motor today. In- 
vestigating new materials—testing existing motor designs. 

No standard motor today can survive the ultimate 
test shown here. But we do know that the new Life-Line® 
**A”’ can operate under higher temperatures than ever 
before. It has stronger insulation and better bearing 
protection than any other motor on the market. It’s in- 





dustry’s closest approaca to a standard motor that is 
- absolutely heatproof. 


Your Westinghouse sales engineer can show you many 
additional reasons why the Life-Line ‘‘A”’ is industry’s 


WATCH 
WESTINGHOUSE! 


WHERE B81@ THINGS ARE HAPPENING TODAY! 








form a positive labyrinth. 
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New fortified insulation includes exclusive Bondar, Bond- 


4 most advanced and preferred motor. Call him today. ite and Mylar*—three good reasons why the Life-Line“A” 


J-21926 is so resistant to heat or any other motor contamination. 
*DuPont Registered Trade-Mark 







Two outer seals of new 4-way sealed bearing act as flingers 
and literally throw off damaging contaminations. Inner 
seals, attached to outer bearing race, are stationary and 
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MICRO Precision 


switches 














High capacity 
basic switch 





Subminiature 
toggle switch 


}...THEIR USE 






PRINCI 


is A 








"V3" rotary 
selector assembly 


A continuous flow of 
Precision Switch developments 





anticipates designer’s needs 


Whatever the design requirement— 
whether it calls for unusually small size, 
unusually high electrical capacity or un- 
usual actuation and circuit arrangement 
—there is a MICRO precision switch to 
meet it. That is why designers have 
long made it standard policy to check 
with MICRO SWITCH as new needs 
develop. 


Shown here are just a few small, com- 
pact switch designs that are typical of 
MICRO SWITCH development. Each is 
one of a whole “family’”’ of extremely 
reliable switches. 


Type "V3" Switch. The MICRO SWITCH 
“v3” line switches have the highest 
electrical capacity for their size of any 
switch available. They have been devel- 
oped to meet the exacting requirements 
of designers for an extremely small, 
compact switch without sacrifice of 
quality. Actuators are available to per- 
mit their actuation by cams, slides and 
other mechanical motion not in line 
with the switch plunger motion. (Send 
for catalog 74). 


"V3" Rotary Selector Assembly. These 
assemblies are available with from one 
to eight switching units and from two 
to eight detent positions. Light in 
weight and small in size, these assem- 
blies are well suited for use in electronic 
and aircraft applications. Many as- 
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semblies are available with various cam- 
ming sequences. (Send for catalog 74). 


High Capacity Basic Switch. This switch 
combines high electrical rating with 
high inrush capacity. The steady state 
current rating is 20 amperes, with in- 
rush capacity of 75 amperes on voltages 
up to 460 volts a-c. These switches are 
especially useful for handling high in- 
rush currents of solenoids, motors and 
tungsten lamps. (Send for catalog 62). 


Subminiature Toggle Switch. This is one 
of a number of subminiature toggle 
switch designs developed for subminia- 
ture assemblies. The toggle switch illus- 
trated consists of one MICRO subminia- 
ture switch riveted into the stainless 
steel toggle bracket. The assembly is for 
single-pole, double-throw service. 
Double-throw switches can be used 
“normally open”’ or “normally closed”’ 
by wiring to either the normally open 
or normally closed terminals. (Send for 
catalog 75). 


PLE OF GOOD DESIGN 
Circuit Arrangements 


DOUBLE THROW 





le 
—-= 


a 
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Type V3 Switch 


This switch has a single-pole, double- 
throw contact arrangement. Electrical 
rating is: 10 amperes, 125 or 250 volts 
a-c; 4% ampere, 125 volts d-c; & am- 
pere, 250 volts d-c. 





DOUBLE THROW 





COM. N.O. NC, 
High Capacity 
Basic Switch 


Standard switches are single-pole, 
double-throw. Electrical rating is: 20 
amperes 125, 250 or 460 volts a-c; 
% ampere 125 volts d-c; 4 ampere 
250 volts d-c; 1 H. P. 115 volts a-c; 
2 H. P. 230 volts a-c; 10 amperes 125 
volts when controlling tungsten fila- 
ment lamp loads on a-c circuits. 





Subminiature 
Toggle Switch 


Contact arrangement is single-pole, 
double-throw. Double-pole, double- 
throw assembly, using two subminia- 
ture switches is available. Electrical 
rating is: 5 amperes 125 or 250 volts 
a-c. The 30voltd-c q— —" 
rating is, inductive Mite \\) | Sisaee 
—3 amperes at sea 

level and 2.5 am- 
peres at 50,000 feet, 
resistive—4 am- 
peres at sea level 
and 4 amperes at 
50,000 feet, maxi- 
mum inrush is 15 
amperes. 








MICRO SWITCH Engineering Service, experienced in precision switching prob- 
lems, is available—at the MICRO SWITCH branch nearest you. Why not call today? 


MICRO 


SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


In Canada, Leaside, Toronto 17, Ontario 


—ITEM 589— 


¢ FREEPORT, ILLINOIS 


MACHINE DESIGN 





_——— 











SI 


M 


ew 








XUM 


When you make hollow parts... 


Start with 
seamless tubing 








instead 
of bar stock 


HEN you make hollow parts from bar stock, you 

waste time boring the center hole—you waste 
steel because you have to throw away the chips you 
bore out. Why not do it the easy, economical way? 
Start with Timken® seamless tubing. The hole’s already 
there! Finish boring is often the first production step. 
You cut machining time—get more parts per ton of steel. 


With Timken seamless tubing, your machine tools 
are more productive. Screw machine stations normally 
used for drilling can be released for other jobs. You get 
added machine capacity without additional machines. 


To make sure you save even more steel, our engineers 


————— 


4 


TT _ eee 





Save steel, machining time! 


will study your problem and recommend the most eco- 
nomical tube size for your hollow parts job, guaran- 
teed to clean up to finish dimensions. 


You also get the highest internal quality with Timken 
seamless tubing. The piercing process by which it’s 
made is basically a forging process. Result: a uniform 
spiral grain flow for greater strength and a refined 
grain structure which brings out the best quality of the 
metal. And the Timken Company’s rigid control keeps 
the quality uniform from tube to tube and heat to heat. 
The Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable address: ““TIMROSCO”. 





SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
—ITEM 590— 
May 3, 1956 For More Information Circle Item Number on Yellow Card—page 19 : 53 














Bonding rubber to nylon 


is one of PHOENIX’ specialties 


We are unusually successful at bonding natural and 
synthetic rubber to nylon. For example, with the flex- 
ible coupling shown below, the rubber will actually 
rupture before bond failure. 

When you work with PHOENIX you have twenty 
years’ experience in developmental work at your dis- 
posal. Quality control is of the utmost importance at 
PHOENIX. Modern laboratory facilities and exacting 


PUTTING THIS FLEXIBLE 
RUBBER-NYLON COUPLING 
THROUGH THE PACES. 
TESTING ITS “BEND,” 
TENSILE STRENGTH AND TORQUE. 


production control methods assure the closest of toler- 
ances. 

It is PHOENIX’ practice to work in strictest con- 
fidence with our customers. Whatever rubber molding 
problems you may have, cal] on us. We are here to 
serve you. 

Please address all inquiries to Rubber Products 
Division. 


PHOENIX should be your source for custom rubber molding 


PHOENIX MANUFACTURING COMPANY 


RUBBER PRODUCTS DIVISION 


JOLIET, ILLINOIS 
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LAMINATED @ 


of 
Aluminum 


You can now get all the advantages of aluminum — light 

weight, non-corrosion and freedom from electrolytic action 

—in both LaMINUM® and LAMISOL.® , 
In LAMINUM® the .003” Jaminations are held together by a 

microscopic binder over their entire surfaces. LAMISOL" 

Shims are tack-bonded at the edges only. 

Both types of aluminum Laminated Shims look and func- 

tion like solid shims. Yet they p-e-e-] quickly and easily for 

fast, accurate assembly. No counting of loose layers. No 

stacking. No miking. You save in machining and finishing, 





in maintenance adjustments, too. 
For full information, and a sample of an actual Laminated 
Shim of aluminum, use the coupon below. 


SA OE ee etna ertt 


t ninated Shim and your interesting 
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This Veeder-Root Reset Magnetic Counter (AC 
or DC) is actuated through electromagnets. And 
it may be connected in series with any device hav- 
ing a contact arrangement .. . like the specially 
designed Veeder-Root Electrical Contactor at the 
left, which insures positive operation of the 
counter, either in oscillation or connected directly 
to a revolving shaft . . . with the counter placed at 


VEEDER-ROOT INCORPORATED 


HARTFORD 2, CONNECTICUT 
® 








ie. Count on 


VEEDER-ROOT 


any distance from the machine or process on which 
the count is required. 

This is another one of the hundreds of Veeder- 
Root Standard and Special Counting and Com- 
puting Devices developed for every conceivable 
counting duty, in every field from atomics to 
electronics. 

What do you need to count? Just write: 


Chicago 6, Ill. «© New York 19,N.Y. © Greenville, S. C. 
Montreal 2, Canada «+ 
Offices and Agents in Principal Cities 


“The Name that Counts” 
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ORTMAN 


Cylinders 


O-M SERIES TH 
Hydraulic 2000 psi 


Engineering 
Service- 


May 3, 1956 


O-M TIE-RODLESS 
Air to 500 psi 
Hydraulic to 1500 psi 


ORTMAN-MILLER MACHINE COMPANY 


7 143rd Street, Hammond, Indiana 

[] Have representative call 

[] Send Bulletins 101A and 105 
Pe itedicennncusnnspnnnsnnseemnisenia ee 
Company 
Address. 
—————E———— - State 


—ITEM 594— 
For More Information Circle Item Number on Yellow Card—page 19 













FORGED PART APPROXIMATELY ‘4 SIZE 


Precision and extreme accuracy are vitally important 
functions of the Lensometer, manufactured by the 
Instrument Division of the American Optical Com- 
pany, Buffalo, N. Y. The Lensometer is used to deter- 
mine the focal strength and axis of an optical lens 
and, consequently, must be extremely precise in 
operation to provide accuracy and uniformity in lens 
prescriptions. 


Forgings made by the Mueller Brass Co. play an 
important role in the construction of the Lensometer 
and contribute to its outstanding performance. For- 
merly, the body of the Lensometer was produced 
from three sand castings, but these now have been 
replaced by just two forgings. Naturally, this simpli- 


MUELLER BRASS CO, 
improves LENSOMETER 


lower cost 








eeeeeveeee eee, . 


fies assembly, and the big forged bronze main sup- 
port arm, shown above, along with the lens support 
bracket insures the constantly accurate alignment of 
the instrument. During the first year when forgings 
were used instead of castings, American Optical not 
only recovered the initial tooling costs but also real- 
ized considerable savings on each Lensometer pro- 
duced. This is another good example of the way 
Mueller Brass Co. forgings can benefit a product 
two ways... better performance and lower costs. 
Chances are, your product can likewise be improved 
at a savings to you if you specify brass, bronze or 
aluminum forgings made by the Mueller Brass Co. 


MACHINE DESIGN 








QO; FORGING 
tR' at substantially 
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®@ WRITE TODAY FOR THE ENGINEERING 


Mueller Brass Co. Forgings 
Engineering Manual H-58565 


forgings 
® bross 

* bronze 

*® aluminum 


Tuf-Stuf Aluminum Bronze Alloys 
Engineering Manual H-58563 


600 Series Bearing Alloys 
Engineering Manual FM-3000 


Copper Base Alloys in Rod Form 
Engineering Manual FM-3010 





| 


MANUAL YOU NEED 


O 
O 
CO 
O 





METALS 
AND ALLOYS 
REVIEW 






by FRANK M. LEVY 
Vice-President and Director of Research 


One of our most interesting series of alloys is the group 
which we market under the tradename “Tuf-Stuf”’ . . . 
a group of aluminum bronze, alloys with range and 
flexibility to meet the most demanding needs. They are 
high copper base alloys containing from 9% to 138% 
aluminum and varying amounts of iron, nickel and 
manganese. Being free of zinc, they are not subject to 
dezincification. Tuf-Stuf alloys have a low coefficient of 
friction, good wearing qualities, high tensile strength, 
high hardness and the ability to withstand heavy 
pounding. Some of the alloys can be hardened by heat 
treatment. In the harder grades, these alloys are used 
for heavy duty service where high compressive loads 
are encountered and where lubrication may be scant. 
Present day increases in operating speed of modern 
machine equipment and the economy of little or no 
machine “down” time has made Tuf-Stuf popular in 
the machine tool industry. It is used in a multitude of 
applications where resistance to wear is important, such 
as: Drill Jigs, Feed Nuts, Rollers, Cams, Collets, Gibs, 
Gears, Boring Bar Guides, Lead Screw Nuts and Clutch 
Shifter Forks. Also, because of ‘their ability to with- 
stand higher stresses and resist season-cracking, these 
alloys are ideally suited for threaded nuts and bolts and 
pole-line hardware. 


The unusual physical properties of the Tuf-Stuf series 
have made it particularly useful in the chemical and 
allied industries. These alloys combine the strength and 
ductility of medium steel with high resistance to cor- 
rosion by many chemicals. Tuf-Stuf alloys will not only 
resist oxidation at elevated temperatures, but will also 
retain a greater portion of their strength and hardness 
at these temperatures than will the copper zinc alloys. 
These properties make them ideal in the aircraft indus- 
try for valve seat inserts, spark plug bushings, valve 
guides and propeller hub cones. 


Tuf-Stuf alloys are supplied as forgings, rod or screw 
machine products. As forgings the grain structure can 
be controlled to produce parts that are strongest at 
points of greatest stress and strain. Relatively intricate 
shapes can be forged to closer tolerances than sand cast- 
ings. Where appearance is a factor, a forging may easily 
prove more economical since a minimum amount of ma- 
chining, buffing or polishing is required before finishing. 


If you'd like more information about this series of alloys, 
drop me a line or better yet, send me your sample part 
or blueprint and an explanation of its use and we'll be 
glad to submit our recommendations. 


MUELLER BRASS CO. 
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Saves 40% Space! 


TRONGER, TOO 


‘ 

















Than Outmoded 
Tie Rod Cylinders! 











CYLINDERS 
Offer All The Extras As Standard! 


@ NEW exclusive Ingenious Cushion Designs... Super Cushion 











' 

/ ! 

CIRCULAR HEADS WITH TIE RODS / ; 
' 

' 

' 
































iS STO Slo 7) / Flexible Seals for Air...New Self-Aligning Master Oil Cushion | 
( ) C ) C ) wi e@ Compact design eliminates tie rods, saves up to 40% space 
| 
O O}O Olo | / @ Proven Performance . . . with Extra High Safety Factor 
SQUARE HEADS WITH TIE RODS / @ Hard Chrome Plated Bodies and Piston Rods (Standard, at no 
/ 40% extra cost). 
/ 
/ SPACE @ OIL pressure to 750—AIR to 200 P.S.I. 
- T- am / 
Vs oy ie / wclatntat You'll find many answers to automation in your plant with T-J Space- 
: To) SPACAMAKER ee ommrerronn maker Cylinders! Designed with years-ahead features for top perform- 
adjacent equipment without sacrificing strength ance and dependability. Wide range of styles, capacities . . . for all 
kinds of push-pull-lift operations . . . reduces man-hours and costs! 
Write The Tomkins-Johnson Co., Jackson, Michigan. 
NEW LITERATURE... send today MEMBER OF THE NATIONAL FLUID POWER ASSOCIATION 


for new Bulletin with complete 


details of Spacemaker line. TOMKINS-JOHNSON 


AIR AND HYDRAL YLINDERS CUTTERS 
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DU PONT ELASTOMERS 





DU PONT HYPALON® 
extends the boundaries of design 
for elastomeric materials 


Resilient Products made of 
HY PALON, for use under severeserv- 
ice conditions, offer you new materials 
for design. Among the many outstand- 
ing advantages of HYPALON is its 
resistance to oxidizing chemicals, 
Here is a partial listing of chemi- 
cals which have little or no effect on 
HYPALON compositions: 





Maximum 
Chemical Concentration Temperature 
Chromic Acid 50% 200°F. 
Nitric Acid 20% 158°F. 
Phosphoric Acid 85% 200°F. 


Sodium Hypochlorite 20% 200°F. 
Sulfuric Acid 95.5% 70°F. 
Pickling Solution 158°F. 
(20% Nitric Acid, 4% 

Hydroflueric Acid) 


In addition to chemical resistance, 
HY PALON products are resistant to 
other severe conditions such as heat, 
ozone and weathering. HYPALON 
can be used in applications where tem- 
peratures range from 250°F, to 350°F. 
It is unaffected by ozone. It can be 
compounded in a complete range of 
lightfast, weather-resistant colors. So, 
when your designs anticipate severe 
service, consider HYPALON. Mail 
the coupon today for further infor- 
mation, 


Notural Rubber HYPALON 


Two tubing samples were filled with 
989, (66°Be.) sulfuric acid for 24 
hours at room temperature. Rubber 
deteriorated rapidly. HYPALON re- 
mained undamaged. 











Newly designed NEOPRENE check straps 





outlast leather 3 to 1 on new high-speed textile looms 


shuttle 


picker 


picker stick 


NEOPRENE 
CHECK STRAPS 


Neoprene’s flex life, heat resistance 
reduce replacements, eliminate 
adjustments 


A recent improvement in check-strap design 
promises to save the textile industry up- 
wards of $3,000,000 annually. From the 
designer’s viewpoint, this success is due to 
an imaginative approach—designing a three- 
or four-piece neoprene strap to replace a 
conventional one-piece leather strap. 
This is the story. On high-speed looms 
the shuttle is hurled back and forth across 
the loom face at the rate of 200 times a min- 
ute, Every time the picker (see photo) throws 
or catches the shuttle, the picker stick slams 
into the check strap and stops. The combi- 
nation of flexing, heat buildup and high 
weaving-room humidity made several ad- 
justments of one-piece leather straps neces- 
sary to compensate for stretching, and lim- 
ited their service life to 6 to 8 weeks. Many 
kinds of leather straps were tried, but leather 


HYPALON is a registered trademark of 
E. I. du Pont de Nemours & Co. (Inc.) 


suse 


BETTER THINGS FOR BETTER LIVING . 


Please send further literature 
and add my name to the 
mailing list for your free 


pub cations, he Neoprene 
Pp 
Name 


. THROUGH CHEMISTRY 


E. |. du Pont de Nemours & Co. (inc.) 
Elastomers Division, Dept. MD-5 
Wilmington 98, Delaware 





still tended to distort, elongate, become 
fleshy and break. 

The first and most important need was a 
check strap that wouldn’t stretch. This was 
accomplished by plies of woven fabric and 
tire cord, But these strength-giving mem- 
bers had to be firmly bonded into a homo- 
geneous strap in order to operate properly. 
Naturally neoprene was chosen as the best 
possible binder, because it had good adhe- 
sion to the fabric, was resilient and flex- 
resistant, and retained these properties in 
spite of heat and splash oil. 

Performance confirms choice 
And service confirmed the soundness of the 
manufacturer’s choice of materials. The 
new straps lasted 3 times longer than the 
best leather, and stretch adjustments were 
completely eliminated. 

You, too, can solve design problems by 
using neoprene products. For further infor- 
mation on designing new or improved prod- 
ucts with neoprene, clip and mail the cou- 
pon below. 


Position 








Notebook’ and ‘’Facts 
about HYPALON®,” which Firm 





show how the Du Pont elas- 
= Address 





tomers are used in designing 
new products, improving old. City 














News about 


B. EGoodrich Chemical 





MOLD IT... 


DUNK IT... 


SHRINK IT... 








eas |Z 


raw materials 





Unique property of GEON plastics suggests 
new design applications 


a ke Geon vinyl plastic collar on 
this coffee server provides heat 
insulation and it’s highly decora- 
tive in its six attractive colors. It is 
resistant to grease, detergents, acids 
and abrasion, and it comes through 
sterilization in autoclaves and dish- 
washers without damage. 

1. Collars mold accurately and re- 
tain their form, when made of 
Geon. 

2. Dilated in an acetone solution, 
they can then be dropped over 
the neck of the bottle. 


B.EGoodrich 
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3. The acetone evaporates, causing 
the collar to shrink tightly in 
place. 


This new way to assemble Geon 
polyvinyl products has already 
suggested similar uses to other 
designers. One manufacturer slips 
protective sleeves on piping until 
refrigeration units are assembled. 
Another installs handles on his ap- 
pliances by this dilate-and-shrink 
method. 

For information on Geon, write 


Department DO-3, B. F. Goodrich 


—ITEM 598— 


Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable ad- 
dress: Goodchemco. In Canada: 
Kitchener, Ontario. 





Visit us at the Plastics Show! Booths 422-426. 


GEON polyvinyl materials - HYCAR American rubber and latex - GOOD-RITE chemicals and plasticizers - HARMON colors 


MACHINE DESIGN 
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COPPER gives you more to talk about 


Are you in a business whose product needs con- 
stant selling? Most products do. 

Perhaps yours must be sold to many people... 
your own sales organization . . . distributors, re- 
tailers, consumers. 

Copper gives you more to say for your product. 

And especially where you’re selling against com- 
petition, copper can make the difference. 

For no substitute possesses the combination of 
characteristics you get . . . and offer . . . in copper 
and its many versatile alloys. 


Today, as always, the phrase “‘made with copper” 
signifies quality. 

That’s because people’s experience with copper 
is favorable. There is no doubt about copper’s 
performance. 

If mere acceptance isn’t enough for your product 
. ..1f competition makes preference important... 
give yourself the advantage of copper or one of its 
many alloys. 

You will find that COPPER gives you more to 
talk about—helps you sell! 


COPPER & BRASS 


RESEARCH ASSOCIATION 
420 Lexington Avenue, New York 17, N. Y. 


.. AN INDUSTRY SOURCE OF TECHNOLOGICAL AID, INCLUDING A LIBRARY OF TECHNICAL LITERATURE AND A COUNCIL OF SPECIALISTS 


COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES: 





Best conductor of Does not rust... Bes! heat transfer Easy to machine, Welds readily ... 
electricity commercially ‘ high corrosion agent of all form, draw, stamp, \ . excellent for a) 
available resistance commercial metals polish, plate, etc. idering and brazing 
—— 
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Craftsmanship of the 20th Century 


Designers constantly face the challenge of mak- 

ing next year’s products more serviceable, more 

AWCONREWEROR salable. More and more of them are working 

out their problems with the assistance of plastics 

engineers. This picture-story tells how craftsmen 

of the custom molding industry helped utilize the unique prop- 

erties of plastics in the fabrication of an important refrigerator 

component. Perhaps custom molders can contribute to solving 
your design problems in the same way. 


ow custom molding and Lustrex Styrene solved a complex 
estinghouse design problem... | 





DESIGN OBJECTIVES called for 

providing additional storage facili- 

ties in a new line of refrigerators. 

Westinghouse designers drew up 

plans for incorporating egg racks, 

butter and cheese compartments, 

shelf pockets, etc., in the door. The 

liner Westinghouse visualized had to 

function as a structural member of the door. It also had to conform to the 
new trend toward color and be produced within strict cost limits. The 
design raised engineering questions which focused on material specifica- 
tions and production methods. 


MATERIAL SPECIFICATIONS for the door liner stressed outstanding 
“formability” to minimize assembly problems. The material had to be 
hygienically smooth and stain resistant, have high gloss and meet specific 
color requirements. It had to have great impact strength, moisture and 
warp resistance, and a low thermal coefficient of expansion and contrac- 
tion. In addition it had to have sufficient tensile strength to withstand the 
cross-sectional stress imparted by one side hanging on two hinges. The 
search for a material with these combined properties narrowed down to a 
modified styrene plastic (a material which had already proved its qualifi- 
cations in Westinghouse trays and beaker strips). 














PRODUCTION of the door panel required a mold designed to impart a 
cross-section wall thickness that had to vary precisely in increments of 
thousandths of an inch over an area of 2,250 square inches. This permitted 
molding the basic piece from a single sprue, yet provided an efficient flow 
pattern with minimum amount of styrene displaced in the cavity. Dies 
were designed and built by Major Mold and Die Co., Detroit, for injection 
presses of the 400-oz. capacity range. 


PERFECTED DOOR LINERS are molded of Monsanto Lustrex high 
impact styrene. Despite new advantages of glamorous appearance and 
rugged durability, material cost averages lower than for materials pre- 
viously used. The soft color tones (blue, green, beige and white) are per- 
manently infused into the molded piece, eliminating costly refinishing and 











assembly steps, while adding functional sales appeal to this popular 
Westinghouse product. 


This is one of hundreds of design and production problems which have 
been solved by utilizing the facilities of the plastics custom molding in- 
dustry. These 20th Century craftsmen are available to manufacturers 
designing for greater efficiency and lower costs. As a major supplier of 
styrene and other plastics, Monsanto is in a position to introduce you to 
custom molders who will put their knowledge and skills to work for you. 
If you are considering a design change for your product line, be sure to 
investigate plastics. Write to Monsanto Chemical Company, Industrial 
Applications Dept., Springfield 2, Mass. 


Custom molding companies assisting in the development and molding of this 
large door liner include Amos Molded Plastics Co., Bridgeport Molded Products, 
General American Transportation Co., General Machine & Tool Works, Prolon 
Div. of Pro-phy-lac-tic Brush Co., Worcester Molded Plastics Co. In addition, 
some of the liners are molded by Westinghouse at their Columbus, Ohio, plant. 
















Investigate Monsanto’s completely 
balanced line of styrene 
formulations developed for 
particular applications and sold 
under the trade name... 






Ttywone Vaile 
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News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 








Seal it in and forget it, for the| 


lamp’s life of 6000 hours plus! 


SYLVANIA’S SOFT BLUE MERCURY VAPOR LAMPS are seen on many modern thorough- 
fares. Integral Ward Leonard resistor in each lamp contributes to reliable operation. 


Improved mercury-lamp design features sealed-in resistor 





Ward Leonard Vitrohms. 


These rugged resistors not only 


That’s the way engineers at Syl- | take the temperatures (to 750°F), 


vania Electric Products Inc., Salem, | but are immune to the heavy vibra- 


Mass., treat the current-limiting re-| tion encountered on or near bridges, 


sistors in their modern, improved | 
mercury-vapor lamps. 


And, ‘naturally, for the heavy-duty, | 
heat-, moisture- and ultra-violet- -proof | gineer show you how Vitrohms can 
starting resistors, to be sealed up in| solve your resistor problem. Write to- 


ramps, railroad crossings or heavily- 


traveled highways. 


Why not let a Ward Leonard en- 


these lamps, Sylvania engineers chose | day for complete information. 





NEW MINISTRIP RESISTOR 





New miniature power resistor 


A new 20-watt Ward Leonard “Mini- 
strip” resistor is now available. 

Recommended where space is limited, 
but where no sacrifice can be made in 
quality, the new resistor features low, 
built-in mounting brackets (2-5/16 in. 
between Sian and an oval-shaped 
core for maximum strength. 

Stock resistance values to 50,000 
ohms; 5% tolerance. 





Failure-free parts 
key to system reliability 





Roughly speaking (and skipping a | 


to increasing the reliability of our prod- 
ucts. From incoming raw material to fin- 
ished part, our careful attention to every 
| phase of production and every inspec- 


lot of mathematical subtleties) if you | tion and test assures you of a product 
double the number of parts in a com- | 


plex system—other things being the same 
—you ll cut in half its life expectancy. 


The modern trend is toward more and | 


more complex jobs for electrical and 


electronic gear. Doubling—and more-— | 


the number of parts goes on all the time. 
And yet it’s vitally important that over- 
all system reliability not be impaired. 


That’s why at Ward Leonard you'll | 


find such painstaking attention devoted | its final quality. 
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you can count on in your sy stem. 


CHECKING CON- 
TACT PRESSURE on 
a Ward Leonard 
relay—one of the 
many 100% in- 
spections and 
tests that assure 
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uss FORRESTAL. Photo ae Newport 
News Shipbuilding and Dry Dock Company. 


MAG-A-TROL for USS FORRESTAL 

Precision-controlled lights guide pilots 
to the flight deck of the USS Forrestal, 
largest aircraft carrier. 

The new carrier uses Ward Leonard 
magnetic-amplifier-type dimmers to in- 
sure correct light intensity on the flight 
deck at all times. 

Besides the Forrestal’s magnetic am- 
plifier dimmers, Ward Leonard makes 
all types of lighting controls ( autotrans- 
former, reactance and resistance) for 
fluorescent or incandescent lamps. 





Design aid for intermittent duty 
A power resistor used only intermit- 
tently may be used at wattages in excess 
of its continuous-duty rating. 





650 
z 600 
< 350 
FH 500 
450 
; « 
$ 380 
300 
: wo 
200 
180 
100 
50 
t') 
Seconds on 5 10 5 5 5s 5 
Out of each 80 80 #” oO 45 » 


The curve above will help designers 
figure allowable dissipation increases for 
Ward Leonard Vitrohm and Ribflex re- 
sistors for various duty cycles. Assumed 
maximum temperature rise: 375°C; re- 
sistor spacing : 2% in. This is one of many 
useful curves contained in our 64-page 
Catalog #15—ask for it today. 6.7 


WARD LEONARD 
ELECTRIC COMPANY 
58 SOUTH ST., MOUNT VERNON, W. Y. 


BR alO- EE ryincored Cortiols Since 1892 











RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS 
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FOR SCUFF-RESISTANT BEAUTY. This Sunroc water FOR LONG, HARD SERVICE. Some of the Stainless Steel tubes 
cooler has, as standard equipment, a Stainless Steel in this bundle are 20 years old, despite the fact that they have 
kick plate for protection against scuffing and corro- been in continual service in a thermal cracking unit at a major 
sion when floors are mopped. The deep drawn top _ southwestern oil refinery. Even though some of them have 
is also made from Stainless. It’s bright and invit- been lengthened by heliarc welding, they still retain their 
ing, and easy to clean. ability to handle corrosive products. 


NOTHING can equal 
Stainless Steel 


@ No other design material can match Stainless Steel in 
#i its combination of desirable properties: corrosion resist- 
. 4 . ance, strength and hardness, beauty, cleanability and 
- = easy fabrication. When seeking a source of supply, remem- 
< 7 ber that United States Steel offers the widest range of 
~k* 












types, finishes and sizes available in the United States. 





a\ 





UNITED STATES STEEL CORPORATION, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + WATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


FOR SANITATION. This is a Stainless 
Steel rotary washer at a baby food 
plant of Gerber Products Com- 
pany. Stainless Steel was used 
because of its great corrosion re- 
sistance, because it will not con- 
taminate the food products, because 


USS STAINLESS STEEL 


it is so very easy to clean. Gerber’s 
uses a lot of Stainless Steel proc- 
essing equipment—including peel- 
ers, bins, steamers, holding tanks 
and filling machines. 


SHEETS - STRIP - PLATES - BARS - BILLETS 
PIPE - TUBES - WIRE - SPECIAL SECTIONS 


UNITED STATES STEEL 


uminum cuts costs on three screw 







$69.90 SAVED! 


Three mevement pillars per 
clock. Cost of parts for 10,000 











clocks: 
Brass . . . . $120.96 
Less scrap 
recovery . 12.48 
$108.48 
Aluminum . $ 40.32 
Less scrap 









recovery . 


SAVED WITH 
ALUMINUM 


$54.42 SAVED! 


Two case pillars per clock. 
Cost of parts for 10,000 clocks: 















Brass ... . $96.00 7 
Less scrap * °. 
recovery. . 6.66 


$89.34 









Aluminum . . $35.84 
Less scrap 
recovery. . 








SAVED WITH 
ALUMINUM 









$9.08 SAVED! 


One hour wheel bushing per 
clock. Cost of parts for 10,000 
clocks: 
Brass ... . $32.16 

Less scrap 

recovery. . 12.49 


$19.67 
Aluminum . . $12.32 


Less scrap 
recovery. . 1.73 













SAVED WITH 
ALUMINUM 
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machine parts for WESTCLOX 


Kaiser Aluminum 


setting the pace—in growth, quality and service 
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WRITE FOR VALUABLE LITERATURE! 


Product catalog contains Kaiser Aluminum avail- 
abilities, specifications, alloys. See in Sweet's File 


| for Product Designers or write for your copy to: 


Industrial Service Division, 6122 Kaiser Building, 


“ Oakland 12, California. 








May 3, 1956 


—ITEM 603— 


WESTCLOX MANAGEMENT SAYS: 


“We recommend that aluminum be used in all 
cases where it can save us money, as it does 
with the three parts shown here. Lower raw ma- 
terial costs without any sacrifice in machining 
time is the main reason for the savings we get 
with aluminum.” 





WESTCLOX ENGINEERING SAYS: 


“In addition to its economy, we find that alumi- 
num is often more suitable for certain parts 
than brass or steel.” 





WESTCLOX PRODUCTION SAYS: 


“We find that aluminum screw machine stock 
machines easily and has equal or better machin- 
ing rates than other metals. No special tooling 
or other preparation is required.” 





Tue EXPERIENCE of Westclox, Division of Gen- 
eral Time Corporation, is more evidence of this 
important fact: when you specify aluminum 
screw machine parts you often get better parts 
for less money. 


A pound of Kaiser Aluminum screw machine 
stock gives you three times as many parts as a 
pound of brass or steel. And these parts provide 
you with a unique combination of advantages, 
including lightness with strength, handsome 
finish, corrosion resistance, good heat and elec- 
trical conductivity. 


For more information or assistance, look for 
our local number in the classified telephone 
directory under the heading “Aluminum” or 
contact one of our many distributors. Kaiser 
Aluminum & Chemical Sales, Inc. General Sales 
Office, Palmolive Bldg., Chicago 11, Illinois; 
Executive Office, Kaiser Bldg., Oakland 12, 
California. 
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Muttimet alloy wraps are joined by welding in the fabrication of aircraft cabin heaters. 


MULTIMET Alloy Wraps 
Absorb the Heat from a 3500 deg. F Flame 


Muttimet alloy wraps are used to absorb the intense heat 
from burning aviation gasoline in aircraft cabin heaters. 
The spirally wrapped alloy sheet transfers the combustion 
heat to fresh ventilating air. Very thin sheet — only 0.025 
in. thick—does an excellent job here despite the high 
metal temperatures and the oxidizing conditions. 

Rigorous 1,000-hr. tests were conducted before MULTIMET 
alloy was selected for this job. It has now been the standard 
material for seven years. The excellent high-temperature 


properties of the alloy made it possible for designers to use 
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HAYNES | 


eh 
3 
TRADE-MARK p 
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thin sections, which insure a light, compact heater, with ex- 
cellent heat-transfer efficiency. 

Muttimet alloy is one of many Haynes high-temperature 
alloys for economical use over a wide range of operating 
conditions. It has given good service for engine manifolds, 
turbine blading, heat-treating equipment and many aircraft 
components. For a copy of a booklet describing Haynes 
high-temperature alloys, and for prices and sizes of 
Muttimet alloy, get in touch with the nearest Haynes 


Stellite Company office. 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


UCC) 
General Offices and Works, Kokomo, Indiana 
Sales Offices 


Chicago - Cleveland - Detroit - Houston - Los Angeles - New York - San Francisco + Tulsa 


“Haynes” and “‘Multimet”’ are registered trade-marks of Union Carbide and Carbon Corporation. 
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PRESENTING... 


the NEW 
LINK-BELT 


for bracket-mounting all 





MOTOGEAR 


foot-type 


NEMA motors—all makes and enclosures 


If drives in your plant operate continuously, the dependability of 
Link-Belt Motogears provides a sure means of minimizing costly, 
production-crippling downtime. Replacing a motor is simple and 
easy: just remove four bolts and separate the coupling—no need 
to drain oil. And design of the bracket assures rapid motor re- 
alignment. Sizes up to 60 hp; ratios from 6.2:1 to 292:1. 


Design of drive permits the addi- 
tion of integral positive-locking 
SaENp r Say cies. One low-speed gear set per drive 
size and maximum Cage mao: Fol 
all operating parts simplifies 
maintenance. 





roved Link-Belt 
motors with flange-mounted 
NEMA motors combining flexi- 
bility with outstanding i 

innovations. 


The new, i 
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now from your near- 
est Link-Bele office or 
authorized distributor 
Link-Belt products. 


Z 


Rugged, corrosion-resistant, oil- 
tight, cast iron housing harmo- 
nizes with new NEMA motor 
frames. 













Straddle-mounted pinion readi- 
ly bears shock, reversing and 
heavy loads. 





“Sh 
SS 


rD 
cs 
LINK<©-BELT 


ENCLOSED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 
cago 1. To Serve Industry There Are Link-Belt Plants, Sales 
Offices, Stock Carrying Factory Branch Stores and Distributors 
in All Principal Cities. Export Office: New York 7; da, 
Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South 
Africa, Springs. Representatives Throughout the World. 13,299 
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NEWLY DESIGNED 


Howard Induction Motor Model 2900 
Offers 18% Overall Improved Performance 
and Efficiency for Critical Applications 






The new HOWARD 2900 motor incorporates an improved lamination and 
is a 24-slot lamination versus a 16-slot lamination in the old 2900 motor. 
The advantages are as follows: 
@ With the same watts input, there is more power output. For a given weight and space 
more power is available. 


MERIAM 
MULTIPLE TUBE 
COMMON WELL 












|. TYPE MANOMETER 


Model 2900 motors with gear units are used to 


@ With less watts input to develop the same power output, the motor runs cooler. 


@ Because of the cooler running motor, there are all the attendant advantages of lower 
heat rise. 





motorize each well, quickly position the datum 
level required for the pressure range of the test 
involved. 







Some of these are: a. Longer Motor Life b. Longer Bearing Life c. Minimum 
lubrication trouble d. Ability to operate in higher ambients. 





@ There is reduced “cogging” effect, especially on the reluctance synchronous and 
standard Induction types. 


@ There is considerably less external field with the new 2900 Motor. A leading manu- 
facturer of dictation equipment, reports that after thorough tests on the new 2900 
Motor the external field was found to be so low that it is unnecessary to use baffle 
material to screen out the magnetic field. 


MAGNECORD 






TAPE 
RECORDERS 






@ There is substantially less mechanical vibration. 
@ There is less electrical and mechanical noise. 








Prices on the new Howard 2900 motor are moderate. Many gear ratios are 
available. Write today for complete information on MODEL 2900 and other 
Howard Induction motors, Series and D. C. motors and Shaded Pole motors, 
Howard's fractional h.p. motor selector chart is available on request. 


Model 2900 is used in several MAGNECORD high 
fidelity professional units. Extremely quiet opera- 
tion, minimum cogging, minimum mechanical vi- 
bration are major points in selection. 













WESTERN UNION 
RECORDER 
#5616B 


Mid. by J. P. Seeburg Corp 





Model 2900 motors maintain an exactly constant 
speed, are extremely quiet and dependable. Se- 
lected by Western Union for their Recorder #5616B 
that transmits and receives messages ffom users 
office to Western Union office. 






. “Selected” ball bearings permanently lubricated, sealed and shielded or sleeve bearings with 

large felt oil reservoirs with oil return system (shown). Sleeve bearing motors provided with 

ball thrust bearing for vertical operation. 

24 slot lamination design for quiet, cool operation. Stamped from high grade electrical steel. 
Rotors dynamically balanced, skewed to give uniform torque characteristics with change of 

rotor angle. 

. Windings of heavy Formex insulated wire, impregnated and baked with top grade electrical 
varnish. 

5. Internal fan for cooling. 6, The case is a sturdy rigid casting. 


~ 


MODEL 2900—2 pole, 4 pole, 6 pole, 8 pole, 1, 2, or 3 
phase and split phase applications. 1/100to1/15h.p. 


— 


The applications shown above are just three of 
many applications now served by HOWARD 
MODEL 2900 motors. 


— 


Other Howard motors: UNIVERSAL & D.C. 1/200 to % h.p. « SHADED POLE 1/2000 to % h.p. « INDUCTION 1/1400 to % h.p. » SERVO MOTORS « GEAR MOTORS « BLOWERS 


DEPT. MD-5* HOWARD INDUSTRIES, INC. + RACINE, WIS. 


SALES OFFICES: 208 S. La Salle St., Chicago 4 
942 S. La Brea Ave., Los Angeles 36 * Room 4822, Empire State Bidg., New York 1 


DIVISIONS: Ene ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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On the Shoulders of Giants 


OVELISTS, Hollywood and TV have given history an 
N appeal that too few of us felt in school. Wars, kings 

and empires seemed hopelessly tangled and quite re- 
mote in time and space. But whether it’s Richard III by Shake- 
speare and Sir Laurence, or Racket Squad Robin Hood holding 
off a score of swurdsmen, we sense and see both the changing 
and the enduring characteristics of man and his world. 

It may be worthwhile to look at early “engineers” and 
their achievements in the same way. Or, as Dick Hartenberg 
and Jacques Denavit remark in the article beginning on the 
next page, 


Existing forms—whether of government and social life, 
or mechanisms and machines constructed from them— 
are determined and explained not by simple examina- 
tion of what is before us, but rather what is behind us. 


The long look at the origin and development of things with 
which engineers are still occupied today gives perspective—a 
sense of order and orientation. The same holds true for an 
awareness of things out of the more recent past. Only the 
foolish ignore the prior state of the art, and tackle today’s 
assignments with nothing but bare hands and brute force. En- 
gineering records, patents, articles, papers, books—all are his- 
tory. They both lead and caution, besides saving time, money 
and frustration. 

And with these gains comes a respect for the contributions 
of many. Newton summed it up when he modestly accepted 
his contemporaries’ plaudits for his invention of calculus. In 
essence, he said, “It wasn’t too tough, fellows, I but stood on 


the shoulders of giants.” 


ASSOCIATE MANAGING EDITOR 
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= Men and Machines | 
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AN’S daily life for 
the ages past found 
him doing certain 
routine tasks that he strove 
to make easier, or it found 
him trying to do jobs be- 
yond his powers. The 
things of greatest import- 
ance were the handling of 
heavy weights, the raising 
of water, fighting fire, 
mining, pressing wine and 
oil, and the development of 
missile weapons. As an in- 
dividual, man at first did 
everything by main 
strength and awkwardness, 
and was at the most quite 
ineffective when it came 
to doing things in a big 
way. During the course of 
time he began to search 











Agricola’s De Re Metallica 
(1556) contains 292 superb 
machine drawings. Where 
necessary they are made self- 
explanatory by the tech- 
nique of “laying out the 
pieces.” In this drawing of 
a pump (two suction cylin- 
ders, one pressure cylinder), 
the “glass-box perspective” 
has been used for perhaps 
the first time. Note the fly- 
wheel equivalent given by 
the two iron bars M thrust 
through the crankshaft. 


ed tL LALLA 


9 OP 2, 











\—-Box. B—Lower part of box. C—Upper part of box. D—Clamps. E—Pipes below the box. F— 
Column pipe fixed above the box. G—Iron axle. H—Piston rods. I—Washers to protect the bearings. 
K—Leathers. L—Eyes in the axle. M—Rods whose ends are weighted with lumps of lead. N—Crank. (From Hoover translation) 
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»- an informal history By R. S. Hartenberg and J. Denavit* 


—_- - = — 


for the easier ways of doing jobs, or he took on 
more ambitious projects. He invented devices to aid 
him—devices to multiply his force, do a better job, 
do it more quickly or more effectively, do it with 
greater safety—as being able to hit an enemy 
from a distance. 

It is from the story of man’s development—his 
searches and his accomplishments—that we are 
able to trace, not always in continuous fashion, 
the ways and means of the improvements that he 
devised. The development through the ages is a 
subject with many ramifications, and this survey is 
of necessity brief. It is only possible to indicate the 
general pattern of when and how the basic com- 
ponents of mechanisms and machines were first put 
into use. This involves dates, of course. A date 
with but one fact attached to it means mighty 
little. It isn’t until other facts—nontechnical ones— 
are grouped about it, that a date has perspective, 
implication and color. Dates aren’t history, but 
they are needed to establish the order of things. 
The technical happenings must be seen within the 
framework of what was happening in the world, 
or at least that corner of the world which gave 
rise to the technological development. Things are 
invented from necessity, not from the sheer exuber- 
ance of just inventing. 

Consider the matter of handling heavy weights, a 
fundamental problem. Five “simple machines” for 
“moving a given weight by a given force” were 
described by Hero of Alexandria in the first cen- 
tury A.D. They were the wheel and axle, lever, 
pulley, wedge and endless screw. We shall not 
argue about or defend the term “machine” as Hero 
used it. But we must note that until well into 
the 19th century these “machines” were held to 
be the primary or constituent’ parts of all as- 
semblages that came to be called machines. How- 
ever, much of this machinery was not at all con- 
cerned with handling weights but was devoted to 
the manifold duties born of the Industrial Revolu- 
tion of the late 18th century. 


*Now, French Air Force 


May 3, 1956 


Dept. of Mechanical Engineering 
Northwestern University 
Evanston, Ill. 


History can be stuffy—or 
fascinating. The difference 
is often whether an account 
of the past gives some in- 
sight into things of current 
concern. This article is the 
first of several designed to 
give an engineer’s view of 
the origins and develop- 
ments of machines and 
mechanisms, 
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The latter part of the 19th century saw tre- 
mendous technological advances made because of 
various pressures. Some of them were territorial 
expansion, world trade, a general demand for a 
greater variety of goods in large quantity and at 
low price, an enormous scientific curiosity, and a 
greater awareness of physical facts. Ideas about 
machinery underwent a change when Reuleaux in 
1875 defined the basic mechanical components of 
all machines as six—the screw, wheel (including 
gears), crank (as linkwork), tension-compression 
links (belts and chains, hydraulic lines), cam and 
ratchet. Although this classification scheme is 
not accepted by all, much subsequent work has 
followed it, as is witnessed by the chapter headings 
of many machine design texts. Certain develop- 
ments in fluid mechanics and electricity since 
Reauleaux’s time have persuaded some of his fol- 
lowers to extend the list by including them. How- 
ever, we shall consider only the first six as ma- 
chine components, for they are strictly mechanical 
in nature, and are easily identified when we look 
for the time of their first appearance. 

It comes as somewhat of a surprise to discover 
that all of these parts are very old—that they were, 
in fact, invented and used at wholly unknown times 
and under wholly unknown circumstances. The 
dim story of their origins and the account of their 
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growth led to this informal history which tries 
to relate things and events with time. 


EGENDS, rock carvings, paintings, manu- 

script fragments and actual remnants of an- 
cient times disclose the presence of a part such as 
a roller, pulley or screw. The architects (as en- 
gineers were called in ancient times) wrote very 
little indeed, and historians were not much con- 
cerned with the mechanical details associated with 
the events of which they wrote. Under the cir- 
cumstances, it is impossible to wrangle about prior- 
ity and invention. There were some individuals— 
as Aristotle and Archimedes—who gave intelligent 
discussions of certain devices, but it is wrong to 
blandly assume that they invented them. The evi- 
dence shows that they appreciated them, and were 
thus able to interpret and exploit them. It is 
not until the last few centuries—say from 1600 
onward—that it is possible to identify a name and 
an invention or innovation. 

But even the written word may be deceiving, for 
poetic form and translators have to be considered. 
To find and interpret the artifacts of people who 
wrote little hundreds of centuries ago calls for the 
combined efforts of a philologist, an archeologist 
and a field specialist, for much is buried in a 
welter of obsolete technical terms. The elusive 
character of words is always felt on attempting a 
translation. It has been disconcerting to note that 
sometimes two translators or reporters did not 
agree, even on major items. When the transla- 
tion is from an ancient language, the meaning of 
any word is largely inferential. 

Who can say precisely what a certain word of a 
long-dead tongue meant when today we recognize 
that there are differences as well as shifting of 
word values in languages that are “the same’? 
If, as Americans, we say that we speak English, 
we do (or should) realize that in word usage there 
is often a vast difference in meaning. What an 
American calls corn (if he is speaking of the 
plant!) is maize to the English, who think of corn 
as any edible small grain. An article of furniture 





of which a writing desk is a part is called a bureau 
in England but a secretary in the United States, 
where a bureau is a chest of drawers for linens. 
Languages are capricious. The new Revised Stand- 
ard Version! of the Bible that has caused such a 
furor is an example of how word meanings are 
always subject to interpretation in terms of events 
and collateral knowledge, and are revised when 
further study, in this case several centuries’ worth, 
is brought to bear. It will be recalled that many 
of the Bible manuscripts are younger than those 
concerned with things technical. 


ISTORY, the study of past human affairs, 

sheds light on the present. A knowledge of 
the past gives us an understanding of the present. 
Existing forms, whether of government and social 
life, or machine parts and the mechanisms and ma- 
chines constructed from them, are determined and 
explained not by simple examination of what is 
before us, but rather by what is behind us. Part of 
the fascination of kinematics lies in its association 
with the human wants that brought forth the me- 
chanical marvels of the present. 

Then, too, we gain through history some ap- 
preciation of the intellect and ability of past gener- 
ations. We must reflect, and realize, that the 
earlier engineers and builders did not have the ac- 
cumulated knowledge and the ease of obtaining 
information that we have today, and that these 
people most certainly had the same amount of 
curiosity and power of observation as the present 
generation. We notice an intelligent adaptation 
of material and knowledge that met the require- 
ments of time and usage—the satisfying of a want. 
This is still going on, but today we have more 
materials and ideas from which to choose to make 
up our solutions to the problems confronting us. 

There is often some doubt about which devices 
were actually built and which existed only “on 
paper.”” The extensive use of wood, animal fibers 
and hair did not make for articles that would be 


1The preface gives a very clear picture of the difficulties encountered 
in interpreting the events of the old days in terms of a modern 


language. 


The  potter’s wheel, 

Egypt: shaping, firing 

and marketing. (From 
Usher 
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preserved for centuries. Archeological finds of 
metal pieces matching descriptions or details in 
carvings and paintings of authenticated age give 
proof of the existence of certain of the devices. 
Theory and speculation, even centuries ago, were 
stronger than practice. The notebooks of Leonardo 
da Vinci (late 15th century) show sketches of a 
great many devices; yet it is known that only a few 
were built in his day. 

The information about the technological develop- 
ments of the ancients is limited. One reason is 
that even though the old Greek and Roman cul- 
tures developed democratic social structures they 
were essentially aristocratic in nature, scorning the 
hand-worker but extolling the philosopher. In 
those days, theory was good and practice de- 
plorable. To talk, think, write poetry and rule— 
those were the dignified things of life. There were 
plenty of slaves for the menial tasks. The historian. 
in mentioning wars and beleaguered cities, spoke of 
offensive and defensive weapons, of fortifications, 
of bridges and tunnels, and how these things con- 
tributed to the course of events. But it was only 
by oversight (or so it seems!) that the name of 
the artisan or engineer was mentioned in all 
briefness, for he stood hidden by the shadows of 
events and rulers. Extremely little technical matter 
was recorded. 

A second reason ties in with the fall of the vari- 
ous empires, for in the wars of conquest the few 
libraries of ancient times were destroyed by ac- 
cident or purpose, leaving the story of the past to 
be told by fragments that somehow escaped. The 
empire conquerors had little or no inerest in the 


Transport of skid-mounted monument in Assyria. 
Rollers underneath and lever at the rear of the skids 
aid the men on the tow-lines, who lean into their 
traces at the command of the man on the “stone- 
boat.” (From Merckel) 
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glories that they had destroyed; they were busy 
maintaining their positions in the occupied coun- 
tries. 


HE oldest nation of which we know, the 

Sumerian, flourished in western Asia in the 
lowlands between the Tigris and Euphrates Rivers. 
This region cradled the human race; it is the 
land of origins, and the vast ruins are quiet evi- 
dence of the successive civilizations. The cunei- 
form system of writing, the earliest of record, was 
used by the Sumerians about B.C. 7000. The wheel 
concept—a disk on an axle—has been dated around 
B.C. 3500; the Sumerians used the wheel for vehi- 
cles as well as the making of pottery. 

The early wheel was solid and very heavy. The 
spoked wheel, requiring much more craftsmanship, 
was not introduced until about B.C. 2000; its appli- 
cation was limited to war chariots, with speed and 
maneuverability as the design considerations. 

The ancient Egyptians, the pyramid builders 
(B.C. 2900-2750), knew only the most elementary 
mechanical appliances—the lever, the roller, the use 
of vast embankments, and the wedge. The Egyp- 
tians do not appear to have used the roller as a 
pulley. Although many pictures and models of sail- 
ing boats are known, halliards (lifting lines for 
sails) are shown rove through rings or over rounded 
metal when it was necessary to change the direction 
of the pull. The ancient Egyptians and Assyrians 
did make use of the sled or roller on sleepers. Even 
though the roller was employed, the wheel (a 
roller turning on an axle) played no important part. 
Ramses II (B.C. 1292-1225) used chariots in his 

















wars! against the Hittites, but apparently did not 
use wagons for the transport of gear as did the 


Hittites. Some examples of Egyptian chariots of 
the 14th and 15th centuries B.C. have survived in 
complete form. The wheels are deftly fitted to- 
gether from many pieces, and have a delicacy of 
line matching that of the light chariots. The As- 
syrians used solid wheels to move heavy objects 
while the Egyptians were still utilizing sleds and 
rollers. 

Doors with pivots seem to appear in Egypt about 
the time of the Fifth Dynasty, B.C. 2750-2625. 
They were made of several planks running in the 
vertical, with an upper and lower spindle an 
integral part of the last plank. Later, bronze pivots 
were used. From this Dynasty there are pictures 
showing drilling operations—not only the bowdrill, 
but also a more sophisticated form involving a 
crank of sorts and a flywheel. Copper and gold 
hinges with pins (the “modern” type) were found 
on the caskets and boxes of Tut-Ankh-Amen who 
died about B.C. 1350. 


ARLY developments of the mechanic arts of 

the Greek and related culture are found in 
Homer’s Iliad, the story of the Trojan War (set 
as approximately 3.C. 1193-1184), but written 
about two centuries after the event. The wheel was 
known to the Greeks, the Homerian heroes riding 
into battle in bronze-tired chariots. Doors and locks 
(of the sliding latch type) are described, too; the 
doors are similar to the earlier Egyptain models. 
There is evidence from the excavations of the 
Mycenean period (B.C. 1700) that such doors were 
perhaps seven centuries older than Homer. In 
Solon’s time (B.C. 639-559) a vertical axis with 
four tablets fastened to it was used to display his 
laws; display stands with the same general fea- 
tures are still a part of our time, too. At about this 
time, the wooden ends or axles of larger doors were 


‘In the battle of Kardesh, the Hittite king sent 3500 chariots, each 
carrying three men, against Ramses. Such chariots were pulled by 
two horses. 
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Lock of the Homeric 
period. The left view 
shows the inside of the 
door, with keyhole at d. 
The latch 6 carries three 
bosses, 4, against which 
the key, e, was applied 
to shove the latch to the 
tight; the key was about 
: ft long. In the right 
view, the girl has the key 
in the keyhole. (From 
Diels) 


fitted with protecting sleeves of bronze, some being 
conical to reduce the frictional moment. 

Homer also speaks of the strong bows of his 
heroes; these bows had the familiar flexing limbs. 
At some unknown later time the crossbow ap- 
peared; its string was pulled back by one arm, 
held mechanically in firing position, and mechan- 
ically released. This was a great forward step, for 
the weapon could not only be held in the cocked 
position, but the aim was much improved because 
of the stock. 

This was also the time of the first Olympiad, at 
least the first in which the name of the victor 
was recorded. It was held in B.C. 776, with a 
foot-race of about 200 yards constituting the only 
event. Then, as now, the competition was entirely 
amateur (!), although in the old days the victors 
did “enjoy fixed revenues for life at the public 
expense.”’ The Olympic games, held at four-year 
intervals, were originally patriotic, religious and 
athletic festivals. They degenerated because of pro- 
fessionalism and trickery, becoming so rotten under 
the Romans that a royal decree put an end to them 
in 394 A.D. They were revived on a world-wide 
basis and with many more events in 1896; the 
four-year cycle has been twice interrupted by wars. 

By the 4th century B.C., a crossbow requiring a 
man’s full strength to cock is found. Here the 
man pulled the string up with both hands while 
holding the bow down by pressing on the stock 
with his abdomen. The string was held at cock 
by means of a ratchet or catch, and released with 
a lever. In another crossbow, mentioned by the 
war historian Biton of Alexandria (about B.C. 
250), the draw was accomplished by means of a 
winch; a 6 or 7-foot arrow was shot. Obviously 
the rate of fire was reduced even though the 
range and power were increased. 

From the man-held weapon a number of larger 
devices were developed for throwing not only 
arrows but also rocks up to perhaps 60 pounds in 
weight. The King James version of the Bible 
ascribes the invention of such machines to the Jews 
under King Uzziah in Chronicles II, 26-15: “And 
he made in Jerusalem engines, invented by cunning 
men, to be on the towers and upon the bulwarks to 
shoot down arrows and great stones withal.” This 
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battle occurred in the 8th century B.C., but it 
is felt that the chronicler, who lived in the 3rd 
century B.C., modernized his story when he wrote 
it, for a number of other events indicate that it 
was not until the beginning of the 5th century 
B.C. that artillery’ as such was worked on seri- 
ously. It was then that Dionysius the Elder (The 
Tyrant of Syracuse) is said to have imported 
engineers from Greece and Italy for development 
work on weapons for defense against the Car- 
thaginians. 

The artillery or throwing engines did not make 
use of flexed bowlimbs but derived their propelling 
force from skeins of fibers (hair) or sinew that 
during the cocking operation were twisted to store 
energy. Some were fitted with a ratchet device 
to allow prestressing of the skeins. These ma- 
chines were of two forms: (1) the ballista, look- 
ing something like an enormous crossbow, having 
a “bowstring” driven by two arms each thrust 
through a torsion skein, and usually shooting a 
heavy arrow, and (2) the catapult, having a single 
arm thrust through one skein and moving in a ver- 
tical plane, and carrying a stone at its free end 
which was released when the arm reached a nearly 
vertical position. For field warfare, these engines 
were fitted with wheels and axles. Philo (2nd 
century B.C.), the oldest known artillery historian, 
gives a formula? used by the engineers of Alexan- 
dria to proportion the diameter of the hole for the 
skein of torsion fibers to the weight of the pro- 
jectile. 

Philo considers the polybolon (we would call it 
a repeating weapon) invented by Dionysius of 
Alexandria to be a high point of development. 
Here a crank drove an endless chain that cyclically 
pulled back the bowstring; at the same time an 
arrow from a funnel-like magazine fell onto a 
horizontal roller having longitudinal grooves. Turn- 
ing of the crank not only brought the bowstring 
into position but also revolved the arrow into fir- 
ing position, and the weapon finally discharged 
on more cranking. This machine required only 
one man for operation, being mounted on a stand. 


OT all developments were associated with 
weapons. Gears—wheels with very obvious 
teeth of inserted pegs—seem to have been invented 
on the domestic front, in old Egypt at an uncertain 
age. They were used in water-raising and other 
hoisting devices. In the common form there was 
a large “crown” gear on a vertical spindle that 
mated with a lantern pinion on a horizontal shaft, 
the latter being also the winding shaft. The verti- 
cal spindle was fitted with a projecting bar or 
beam whose outer end was walked around in a 
circle by man or animal power. The modern form 
in 19th-century Europe, when powered by a horse, 
was called horse-gin in the rural areas of England. 
~ tArtiliery, eperting to Webster: Missile engines and weapons as 
catapults, arbalests, s' ings, bows, etc., with their missiles. 
The formula involved a cube root! 
*Byzantium was the ancient name of today’s Istanbul. Under Con- 


stantine the Great, Byzantium came te be called Constantinople when 
it was made the capital of the Roman empire in 329 A.D. 
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Fluid-pressure devices were put to use in an- 
tiquity. Siphons are shown emptying liquids from 
big jars in Egyptian reliefs of about B.C. 1500. By 
the 3rd and 2nd centuries B.C., cups holding a 
constant level, altar figures pouring liquids, whis- 
tling birds—all siphon operated—-were in quite 
common enough use. Ctesibius, in this third cen- 
tury, wrote a systematic work on “pneumatics,” 
which was elaborated on by his pupil Philo of 
Byzantium.* There is a suggestion that a vacuum 
pump, similar to the bilge pump used in today’s 
small boats, was also in use. However, Ctesibius 
did invent a single-acting force pump or syringe; 
it was described as a fire extinguisher by Hero 
in the 1st century A.D. in his treatise on pneu- 
matics. This form of pump was widely deployed 
over the territories that the later Romans colonized. 
Like most things of the period, the design of these 
devices was based on empirical methods, for the 
nature of atmospheric pressure was not understood 
until the middle of the 17th century. 

An ancient method for raising or lowering large 
weights made use of fluid pressure—the pressure 
exerted by dry sand. If dry sand is confined as 
in an excavation, and the weight rests on the sand, 
then the ramming of more sand around the peri- 
phery of the weight will cause the weight to 
rise; the removal of sand will lower the weight. 
Native Egyptian labor still uses this method when 
the close quarters of a tomb do not permit block 
and tackle to be rigged. Some years ago, one of 
the authors saw a small railroad bridge girder span 
being lowered into position; the ends of the girder 
were supported on the dry sand contained in a 
box, the lowering being accomplished by remov- 
ing sand through small holes cut in the side near 
the bottom. Current railroad track maintenance 
involves tamping the ballast to bring ties and 
track into alignment and grade. 

When speaking of fluid mechanisms, we must 
distinguish between those operating with a free 
fluid or a confined fluid. Among the former are 
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“stone-thrower” as 
described by Philo, : 
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water-wheels and their inverse, the paddle-wheel 
of boats. A fluid that is confined may be put 
under pressure and guided to transmit power to a 
distant place. What is called Pascal’s principle 
(Blaise Pascal, 1623-1662)—‘“if the pressure at 
any point in an enclosed fluid is increased, it will be 
increased everywhere throughout the fluid mass 
by the same amount”—had been recognized in es- 
sence by Leonardo da Vinci (15th century). Pascal 
described the hydraulic press; in an example he 
speaks of one in which the ratio of the two piston 
areas is as one hundred to one. It remained for 
Joseph Bramah to perfect the hydraulic press in 
1795. Bramah suggested the use of hydraulic 
pressure in 1802 for the transmission of other 
forms of power, but nothing came of this then. 
William George Armstrong invented the hydraulic 
crane about 1840, established a factory for the 
manufacture of various hydraulic machines, in- 
cluding elevators, and devised the accumulator. 

Today we think of power transmission in terms 
of electrical distribution systems reaching through- 
out cities and over the country. Yesterday the situ- 
ation was different, for many cities (notably Eng- 
lish) were supplied with hydraulic power systems. 
Thus, a system of hydraulic power transmis tion 
was established in London in 1883; by 1899 there 
were 106 miles of pipe (later extended to 150 
miles!) carrying water at 750 psi, supplied by five 
steam-driven pumping stations whose total horse- 
power was 6100. About 3700 machines were con- 
nected, largely machines for intermittent work, as 
ram type elevators, punch and forging presses, 
balers—although a substantial number of Pelton 
wheels were used for rotary power. Manchester’s 
hydraulic and electrical systems were both installed 
in 1894, but the heavy demand for hydraulic power 
soon necessitated a second pumping station. Both 
Manchester and Glasgow operated at 1000 psi. 

In 1899 the city of Antwerp’s first electrical 
system consisted of a central pumping plant with 
pipelines radiating to “sub-stations” where the 
hydraulic power was converted to electrical for 
further distribution. Geneva’s water power system 
dates from 1872, and the 3000 hp of 1900 had 
dropped to 340 in 1951. The equipment still con- 
nected at that time consisted of elevators, vac- 
uum cleaners and 15 turbines, the latter being 
used in small factories, particularly in chemical 
plants, where electricity was considered hazardous 
in the manufacture of certain products. 

Vacuum and compressed air systems were also 
tried as in Paris, before the electrical era. Com- 
pressed air is still available at 75 psi in some sec- 
tions of Paris for operating elevators! furnaces, 
paint sprayers, etc. 

Telodynamic systems (belt, rope or cable) for 
power transmission were used in France, Switzer- 
land and India during the period 1860-1890. The 
power was taken from the river by means of tur- 
bines, and transmitted (distributed) up or along 
the bank by means of cables for distances of a 
mile or so—distances that were impracticable for 
shaft transmission. Pulley stands were located at 


‘This the authors know well from personal experience. 
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intervals of 300-500 feet, and a single 1-inch steel 
cable could handle about 300 hp. The largest such 
plant had perhaps 3000 hp. 


HILO—to return to him and his weapons de- 

scriptions—tells of what might be called an air- 
operated bow. He called it an aerotonon, and it 
was invented, he says, by his teacher, Ctesibius 
(B.C. 300?-2307). It involved two cylinders fitted 
with pistons so arranged that a stressed leaf spring 
pressed each piston into its cylinder. On release 
of the spring the air was compressed, and the 
resulting piston motion was communicated to the 
bow arm. The arrangement was awkward, and 
a modern reconstruction (the text description 
is detailed enough to allow working drawings to 
be made) seemed to show the need for an ex- 
ternal source of compressed air for satisfactory op- 
eration, although Philo claims to have seen the 
weapon operate successfully. 
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Top—Construction of the waterwheel of Archimedes. 


The Archimedean screw turned by a water wheel. 
The original illustration was furnished to the edition 
of Vitruvius by Fra Goicondo, Venice, 1511. Com- 
pare the draftsmanship here with the drawings in 
Agricola. (From Vitruvius, the Morgan translation) 


MACHINE DESIGN 





XUM 





LS - 











XUM 





Aside from the attempted use of compressed air, 
the aerotonon had another technical innovation, the 
leaf spring. Previous metal springs looked some- 
what like the modern safety pin, but the elastic- 
ity of metals had certainly not been exploited, and 
bronze was perhaps not the best choice of material. 
Philo does speak of the method of testing swords 
by flexing them, and noting that they suffered 
no permanent deformation. Nothing come of the 
idea of springs, however, for spiral springs do not 
seem to appear until the 15th century, with the 
reappearance of leaf springs being delayed until 
the later 16th century. 

Aristotle (B.C. 384-322), his student Plato re- 
lates, discussed 38 problems of fundamental me- 
chanics, among them the parallelogram of forces, 
the lever, wedge and circular motion. He recognized 
some of the basic principles in essence but not al- 
ways clearly. The pulley, block and tackle, and 
pliers were devices in use at this time. Direction 
changing gears were no novelty to Aristotle. 
Aristotle worked in almost all fields—rhetoric, 
poetry, ethics, physics, politics, biology, meta- 
physics—and is also remembered as the tutor of 
the youth, Alexander the Great (B.C. 356-323) of 
Macedonia, who went on to the conquest of the 
then known world. 

Alexander founded Alexandria; within a few 
decades it became the first city of Levant. Chief 
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Water-raising machine of Augsburg, about 1550. The 

vertical shaft AB was driven by gears from a water 

wheel. The helical pipe arrangement is also known 
as the Archimedean screw. (From Treue) 
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seaport of Egypt, it attained its greatest pros- 
perity under the Ptolemies! (B.C. 323-30); Cleo- 
patra, who nursed the adder to her breast, was the 
last of the line. The famous library was destined 
to become the richest of the ancient world, con- 
taining 490,000 volumes (some say 700,000) by 
the time the Roman siege under Julius Caesar in 
B.C. 48, when it was partly destroyed by fire. The 
library contained the collected literature of Rome, 
Greece, India and Egypt. Fanatic Christians com- 
pleted the destruction in 391 A.D. 


HE scientific personality of the pre-Christian 
era about whom most is known is Archimedes 
of Syracuse (B.C. 287-212). The all-too-often told 
story that “Archimedes invented the lever” is 
now recognized as sheerest nonsense. Archimedes 
did concern himself with the law of the centrally 
supported lever, and even made a calculation on the 
length of a (weightless!) lever needed to move 
the earth provided he had a certain fulcrum, etc. 
Archimedes contrived a mechanical device for 
moving a large ship. It is not certain whether the 
machine used was simply a block and tackle or 
whether a helix was involved: Plutarch and 
Athenaeus, in recounting the same incident (neither 
was an eye-witness), do not agree. 

If the helix was used, then it was what is today 
called the worm gear. Reuleaux relates that Pappus 
(3rd century A.D.), in the latter’s 8th Book (of the 
Collected Works of Pappus), quotes from the lost 
“Baroulkos” of Hero (1st century A.D.). Reuleaux 
shows two pictures of the worm-drive winch said to 
have been built by Archimedes. This winch, with 
spur gears on four shafts (the winding drum is on 
the last shaft), had its first gear driven by a 
“screw without end’’—a worm or helix. The out- 
put was quoted as a force of 1,000 talents for an 
input of five applied to the crank of the worm shaft 
(a talent was about 57 pounds). A very early 
but careless translation of the Greek word helix 
into lever is said to account for the fable of Archi- 
medes and the invention of the lever. 

The ship is not without interest. According to 
Reuleaux, it appears that Archimedes’ patron, King 
Hieron, had caused the Syrakusia to be built. She 
was the largest of her day, for the story is that she 
had three decks, three masts, eight towers fitted 
with throwing engines, and a weight of 4200 tons. 
Because of difficulties not minimized by the bronze 
fastenings and lead sheathing, the ship could not 
be brought to water. The winch was designed 
and successfully used after all ordinary means 
had failed to urge the ship down the ways. This 
would be the first gear-train of high accomplish- 
ment (the horse-gin type had wooden “gears” and 
was very crude when compared with the bronze 


‘Ptolemy was one of Alexander's most effective generals. 
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gear and worm combination of Archimedes). 

The Greek biographer Plutarch (B.C. 467-1207), 
in speaking of Marcellus, the conqueror of Syra- 
cuse, tells the story somewhat as follows: Archi- 
medes wrote Hieron that with a small force he 
could move any great load—in fact, given another 
earth on which to stand, he could even move the 
earth! Hieron was skeptical, ordered that a freight 
ship be heavily loaded, and asked Archimedes to 
pull the ship up on land with the device of which 
he had written. Archimedes did the job with a 
block and tackle. 

Regardless of what happened, the King was 
astonished, pleased and impressed, and commis- 
sioned Archimedes to build engines of war, later 
used against the Romans when Marcellus laid siege 
to Syracuse. 

A water-raising device came to Archimedes’ at- 
tention while he was on a visit to Egypt. This, now 
known as the Archimedean screw, came to be widely 
employed as a ship’s pump. In its modern form it 
is known as a screw-conveyor; in its older form, the 
helix and external cylindrical casing were one and 
turned as such, the axis of the whole being in- 
clined. A variant, also called the screw of Archi- 
medes, has a pipe wound as a helix around an 
inclined shaft. Vitruvius,! a couple of centuries 
later, gives rather complete directions for the lay- 
out and construction of the first type; “the screw 
is turned by the treading of men” if no stream 
could drive a connected water wheel. The rec- 
ommended inclination was three vertical and four 
horizontal. 


The evidence seems to show that this type of 
pump was independently invented in Spain at about 
the same time that the Greeks developed it. Archi- 
medean pumps, 90-130 cm long, are still used in the 
Nile delta, and have only recently disappeared from 
the European scene. 

Archimedes’ shrewd observations in the field of 
statics? do not concern us here. The Romans 
under Marcellus laid siege to Syracuse for two 
years before they took the town. It was Archi- 
medes who organized the defense, built projectile 
throwing engines*® and ship-destroying devices, as 
well as the apochryphal burning glass and steam 
cannon. The effectiveness of these devices was 
such that direct attack was abandoned, a blockade 
forcing the capitulation. His death at the hands 
of an over-zealous Roman soldier was mourned by 
Marcellus, who caused all honor to be given Archi- 
medes’ relatives. Even so, he was soon forgotten. 
His memory was revived to the Syracusans by the 
Roman Cicero (B.C. 106-43) who uncovered the 
neglected grave 137 years later and remarked that 
Archimedes possessed more genius than was com- 
patible with the nature of man. 

This account will be resumed in a future issue. 
The third and concluding chapter will contain an 
annotated bibliography including sources of illus- 
trations appearing in this article. 





'Vitruvius Pollio (born B.C. 85 or 75) was architeet, military 

gineer and inspector of military engines under the Roman emperor 
Augustus. 

2For example, the principle of floating bodies. 

*Some of these machines are said to have thrown stones weighing 
nearly 600 pounds. 








Tips and Techniques 


Accurate Repetitive Drawing 


When a drawing must be duplicated many times 
with high accuracy, a template is usually con- 
structed. Because errors in the drawing can be 
introduced by pencil-point thickness and template 
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thickness, use the allowances given in the accom- 
panying curve in the construction of the templates. 

The conical point angle on the pencil is assumed 
to be 15 degrees. In drawing, care must be taken 
to hold the pencil at right angles to the paper. — 
CaRLos L. BEECK, Rosemead, Calif. 


Finding Screw Diamaters without Tables 


Hunting for screw outside diameters in tables 
can be eliminated for the numbered screw sizes 
from No. 0 and up by remembering a simple rela- 
tion. Since standard screws are increments of 0.- 
013-in., take the screw number size, multiply by 
0.013 and add 0.060. The result is the screw OD 
in inches. 

For example, a No. 0 screw is 0.060-in. maximum 
outside diameter. Outside diameter of a No. 8 
screw is found to be 8(0.013) + 0.060 = 0.164-in. 
—EDWARD P STARK, Airborne Instruments Labora- 
tory, Mineola, N.Y. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE Desten, Penton Bidg., Cleveland 13, O. 
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**SHEAR-BALL” MOUNTING technique for heavy-duty turntables 
eliminates need for top or hook type rollers, exposed roller paths, center 
pins, and centering gudgeons. In the design of shovel cranes, built by the 
Thew Shovel Co., a continuous circle of hardened-steel balls provides 
positive attachment of the stationary member to the rotating member. 
The balls are sealed in a hardened, precision-ground race made up by the 
two members. Of course, the balls also provide the rolling surface for 
revolving inner and outer members with respect to each other. The balls, 
which are admitted to the race through a plugable opening in the inner 
member, absorb vertical, horizontal and radial loads 
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C rowneb-SHANK BOLTS minimize stresses caused by axial mis- 
alignment of bolts in holes. The bolts are employed in the construction 
of De Laval couplings for connecting rotating shafts which may be slight- 
ly misaligned. The crowned bolt distributes stresses over a greater area | 
than a misaligned straight-shank design would. Also, surface compres- 
sive stresses are less in the crown design because the center of loading 

is displaced less under radial end loading. 
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By Ralph E. Wallenbrock 


Advance Design Engineer 
International Harvester Co. 
Evansville, Ind. 


MPORTANT factors which affect the design of plastic parts are the size, 
| configuration and intended appearance of the end items. Economical pro- 
duction of plastic products is a fundamental consideration. Other factors 
are the structural aspects of proposed designs, mechanical practices in produc- 
tion and the kind of plastic used. This article provides a number of these basic 
considerations as a guide for designing plastic shapes. 








Holes 

Side holes and undercuts can 
be created by cores that are re- 
moved by the operator or by 
mold parts that slide out of the 
way in cam fashion, Fig. 1. 
Side holes designed as slots, 
opening to the edge of a part, 
simplify production, Fig. 2. 

Molded holes should have a 
ratio of length to diameter of 
2% to 1 or less for best con- 
struction. Long, narrow holes 
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cause mold pins to bend or 
break, Fig. 3. 

Generally, through holes are 
better than blind holes, Fig. 4. 
Blind holes should not be square 
at the bottom. A radius should 
be specified, Fig. 5. 

Round holes are easier to 
make than square or any other 
shape, Fig. 6. Radii at hole 
corners are preferred to sharp 
corners, Fig. 7. 


MWY 


Preferred (+) Poor 


DINER 
SSSS G ™ 


Preferred 





ste © ssh [0] OL =F 


—'-Diom 
Preferred Poor 





Preferred Poor 


Where molded holes receive 
cut threads, countersinking 
should be specified to prevent 
feathering top threads, Fig. 8. 
External and internal threads 
may be molded with the part. 
Molded threads are generally 
more expensive to form and 
more apt to be weaker than 
other threads because a method 
of unscrewing the part from the 
mold must be provided, Fig. 9. 
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Taper 


The exact amount of taper to 
specify depends on the molding 
process, wall thickness and ma- 
terial. Generally, taper is spe- 


cified in degrees or in inches 
per inch, or in fractions of an 
inch per foot. A 3-degree taper 
is somewhat standard, Fig. 10. 
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Tolerances 


These vary widely with the 
type of molding and the mate- 
rial. Generally, injection or 
compression molded parts may 
be held close, but closer toler- 
ances than necessary should not 
be specified. Tolerances for 


small parts amounting to 
+0.002-in. per in. are possible 
on dimensions perpendicular to 
the direction of molding pres- 
sure but +0.005-in. per in. is 
more practical. On overall di- 
mensions parallel to the mold- 


ing pressure +0.005-in. can be 
held but +0.010-in. is better. 
Plastic parts are dimensionally 
consistent as molded, but tem- 
perature changes effect overall 
size appreciably. 





Flash and Parting Lines 


Flash at the parting line of 
a mold may detract from ap- 
pearance, Fig. 11. The parting 
line should be located so that 
flash can be polished off the 
finished part. Sometimes it is 


possible to mold or machine a 
groove where the parting line 
occurs. Gates are a similar prob- 
lem. They should be located to 
be removed easily. 
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Contour 


Contour is recommended on 
large areas, Fig. 12. Highlights 
on surfaces intended to be flat 
emphasize slight warping. 
Large, flat surfaces tend to look 
flat when the surface is actually 


convex. They tend to look con- 
cave when the surface is actu- 
ally flat. Contour adds strength 
and reflects light in a more 
pleasant manner. 


Flanges, Ribs and Bosses 


Flanges add strength to a large 
wall area. They provide good 
locations for parting lines and 
they can be used for sealing and 
fastening, Fig. 13. 

Flanges should have the same 
thickness as nearby walls of a 
part. Flanges which require un- 
dercuts in the mold should be 
avoided. Flanges should be used 
liberally, for they help prevent 
warping when parts are re- 
moved from a mold. 

Ribs may be used to make 
large unsupported surfaces 
rigid. They may also serve as 
runners to ease the flow of 
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plastic to isolated sections. 

Where ribs or bosses are 
placed on the inside surfaces of 
thin translucent walls, it may 
be necessary to add decorative 
ribbing on the outer surfaces 
in order to conceal flow lines 
and shadows. It is often better 
to provide two small ribs in 
place of one large rib, Figs. 14 
and 15. 

Bosses can be used to add 
structural support to plastic 
parts, Fig. 16. Bosses are usual- 
ly specified around holes and 
inserts. The simplest boss is a 
raised area permitting the wall 
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thickness to remain the same. 

Bosses may have a variety of 
shapes, Fig. 17. They should not 
be confused with ribs or stria- 
tions. Extremely heavy boss 
sections cause difficulty in fill- 
ing the mold and cooling fin- 
ished parts. Bosses should have 
generous radii to facilitate ma- 
terial flow. Sometimes bosses 
are tapered or faded into a flat 
plane surface. Bosses may be 
cored, drilled, tapped or thread- 
ed and they may contain inserts. 
Serving like a boss, a rim at the 
bottom of a cup helps prevent 
scratching, Fig. 18. 
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Wall and Section Thickness 


Thickness of walls depends 
upon the kind of plastic mate- 
rial and the conditions under 
which the part is to operate. 
The walls should be as thin as 
practicable for lowest cost. 
Walls of uniform thickness pre- 
vent uneven shrinkage and re- 
sultant internal stress, Fig. 19. 


The wall thickness of com- 
pression molded parts should 
not be less than 1/16-in., and 
for injection molded parts, not 
less than 0.050-in. 

Abrupt changes in section 
thickness should be avoided be- 
cause molding time depends on 
the thickest section, and be- 


cause shrink marks may ap- 
pear on surfaces of thick sec- 
tions. 
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Fillets and Radii 


Fillets at the base of ribs and 
bosses and on inside corners fa- 
cilitate the flow of plastic and 
reduce the concentration of 
stresses at these points, Figs. 
20 and 21. Fillets at the base 
of small protruding pin-type in- 
serts reduce bending and break- 
age of the inserts. 


A 0.015-in. radius at edges 
prevents chipping and reduces 
mold cost. Large radii off bosses 
and ribs strengthen those pro- 
jections. Spherical corner radii 
are desirable. Contour radii 
help prevent warping and im- 
prove the appearance of large 
flat areas. Small radii should 


be specified at the ends of ribs 
or runners. 











Inserts 


One method of fastening mold- 
ed plastic parts is with metallic 
inserts incorporated in the part 
at the time of molding. Inserts 
can eliminate the handling of 
small parts in subsequent as- 
sembly operations. However, in- 
serts present problems in mold- 
ing. They require a means of 
support in the mold and the 
loading of inserts increases 
molding cycle time. 

One group of inserts includes 
mechanical parts around which 
plastics are molded for such pur- 
poses as improving the appear- 
ance of a product, providing 
a surface which is comfortable 
to touch, or insulating heat-con- 
ducting surfaces. The design 
of these inserts is based on the 
functional requirement of end 
assemblies. Where heat is not 
a factor, the thermoplastic ma- 
terials are commonly molded 
around inserts of this group for 
decorative purposes. 

In applications which involve 
vibration, or where high torque 
and axial force must be resisted, 
a metal insert with self-tapping 
threads is suitable. The insert 
is turned into a cored hole hav- 
ing the tap drill size for the 
thread of the insert, Fig. 22. 

Delicate inserts should be 


avoided, especially in parts 
which are compression molded. 
The insert may bend or break 
off during the closing of the 
mold. When properly supported 
in the mold, delicate inserts may 
be used when parts are molded 
by the transfer and injection 
methods. Whenever possible, in- 
serts should be designed so that 
both ends can be supported 
firmly in the mold. 

Inserts should be located at 
right angles to the parting line 
to simplify mold design. Pref- 
erably, all inserts should be 
placed on the same side of the 
parting line. 

Inserts should be designed to 
have good anchorage in the 
molded part, Fig. 23. A diamond 
knurled surface provides good 
anchorage since the insert will 
withstand both tension and 
torsion loading. Grooved in- 
serts, except those of hexagonal 
stock, accommodate tension 
loading only. Serrated inserts 
withstand only torsion ioading. 
Inserts may be designed to have 
both grooves and knurled or 
serrated surfaces. Various 
methods of anchorage can be 
used. 

To facilitate the flow of plas- 
tic and to reduce stresses caused 


by shrinkage of the plastic, the 
ends and grooves of inserts 
should be chamfered or rounded. 

The shank of a protruding 
type insert should be of such 
length that the insert can be 
held securely in the mold, there- 
by preventing floating and mis- 
alignment of the insert. 

Where it is necessary to ap- 
ply heavy initial loading to in- 
serts, such as tightening a nut 
on a stud, the embedded portion 
of the insert should have suf- 
ficient bearing area to support 
the load, Fig. 24. 

Inserts can be used both as 
a means of fastening and as a 
part of an electrical circuit. An 
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Inserts (continued) 


insert used to fasten a molded 
part to another part may be an 
internal threaded hole, a pro- 
truding external threaded shank, 
a tubular rivet head, a protrud- 
ing pin or a socket, Fig. 25. 
The protruding portion of an 
insert should be round. This de- 
sign is easier to clean of flash, 
and its corresponding hole in 
the mold is less expensive to 
form than holes of other shapes. 
The cleaning of flash from 


knurled, protruding, pin-type in- 
serts is simplified by providing 
plain shoulders of at least 1/32- 
in. length at the end of the em- 
bedded portion next to the plas- 
tic surface. A stepped shoulder 
provides the best seal against 
the flow of plastic. 

Through-hole inserts which do 
not extend all of the way 
through a part or wall should 
be avoided. They are difficult 
to seal from flash with core 


pins. A closed-end insert blocks 
the passage of plastic into the 
threaded length, Fig. 26. 
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Matching Contour 


Matching the contours of mat- 
ing parts is very difficult and 
should be avoided. Intentional 
mismatching is often a good al- 
ternative, Fig. 27. 
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Light Transmission 


Clear acrylic or clear poly- 
styrene plastic can be used to 
transmit light. The principal 
surfaces of the plastic should 
be parallel or divergent for most 
efficient light transmission, Fig. 
28. Any cross-section is satis- 
factory. If the principal sur- 
faces converge, the incident 
angle is reduced at each reflec- 
tion by the size of the angle be- 
tween the surfaces. When the 
incident angle exceeds 42.2 de- 


grees, the ray escapes, Fig. 29. 
Light can be directed along an 
irregular path. The nature of 
the beam leaving the plastic de- 
pends on the method of trans- 
mission, Fig. 30. 
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Mechanical Finishing 


After removal from the mold, 
plastic parts can be trimmed 
and machined. Mechanical fin- 
ishing operations include: 


Sanding—wet and dry 

Ashing and lapping with cloth 
disks 

Polishing with muslin 


Methods 


Tumbling for flash removal. 
Solvent polishing for high 
gloss 

Trimming can be performed 
with saws, sanders and shears. 
It should be held to a minimum, 
however, since it adds to total 
cost. A molded part well de- 


signed will require only a de- 
burring operation to remove 
flash at parting lines. Sanding 
is not desirable either, since a 
sanded surface will appear dull 
and lusterless. Cleaning and 
polishing can be used to remove 
surface stains and scratches. 








Markings 


Lettering and other marking 
can be produced in plastics as 
depressed or raised characters. 
They can also be stamped or 
painted. 

Depressed lettering in a piece 
requires raised lettering in the 
mold (intaglio). Less expen- 


sive raised lettering on the plas- 
tic piece is produced by en- 
gravings in the mold, Fig. 31. 
Recessed or depressed letter- 
ing is common on nameplates 
because of the painting, reflec- 
tive, or pattern effects. Paint can 
be sprayed into the letter, wiped 


off, and then a background color 
added to the parts. All letters 
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in the same composition should 
be in one plane and no deeper 
than 40 per cent of section 
thickness. 

The letters need not be raised 
more than 1/64-in. in dark col- 
ored plastics for good readabil- 
ity. In light colored plastic a 
greater height may be required. 
When letters are raised more 
than 1/32-in., taper and fillets 
should be provided for ease of 
removal from the mold and to 
eliminate damage to the letter- 
ing. 

Letters and designs may be 


painted on smooth surfaces of 
molded parts. Before the oper- 
ation, the surfaces must be clean 
and free of grease and oil. The 
adherence of paint may be im- 
proved by roughening the sur- 
face before painting. Where 
masks are used in spray paint- 
ing their placement may be fa- 
cilitated by incorporating a 
locating point on the molded 
part. 

Markings may be formed on 
the surface of molded parts by 
a stamping die. The depressions 


are approximately 0.005 to 
0.015-in. deep, depending on the 
size of the character and the 
kind of plastic. Where contrast- 
ing colors are desired, a special 
tape is inserted between the 
part and die. This process is 
also known as roll leaf printing. 
A three dimensional effect is 
obtained where depressed letters 
and designs are molded on the 
back of transparent plastic parts 
which are subsequently coated 
with copper, chromium, silver, 
gold, bronze or colored paint. 








Surface Treatments 


If finished parts must be at- 
tractive, properties desired in 
the plastic are scratch resist- 
ance and surface hardness. Both 
are not always found in the 
same material. If an _ easily 
scratched plastic must be used, 
protective ribs and bosses may 
be located to receive the abra- 
sion. Sometimes a special sur- 
face effect protects the plastic. 

Illuminescence is achieved by 
adding phosphor dyes to trans- 
lucent plastic. Luminous effects 
can also be obtained by painting 


plastic with a phosphor paint. 

Vacuum metallizing is a com- 
mon method of decorating and 
protecting plastic parts. There 
is no practical limit on the size 
of parts to be vacuum metal- 
lized. Metal finishes can be ap- 
plied to either first or second 
surfaces of molded parts by 
means of vacuum deposition. 
The result is an effect of solid 
or plated metal parts. 

Flame polishing is used to 
produce high gloss on a molded 
plastic part. It consists of pass- 


ing the plastic parts through a 
flame for a very short time so 
that the heat affects only the 
outer surface of the plastic. The 
technique is particularly suit- 
able for thermoplastics. It is 
not widely used, however, be- 
cause it requires close control 
and anneals the part. 

Glass fiber effects are popular 
in styling. Distinctive textures 
can be produced on plastic sur- 
faces by woven glass fiber. A 
variety of woven patterns can 
be obtained. 
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Rapid Section-Line Drawing 


A METHOD for rapidly drawing section lines 
is the use of a plastic, thin-wood or heavy 
illustration-board gadget, A. Starting at position 








Line spacing 


Position 1 











Position 2 











1, a section line is drawn. The gadget is then 
shifted to position 2 and held in place; the triangle 
is moved to the right; and the second section line 


May 3, 1956 


is drawn. Even spacing is automatic, and the 
gadget can be cut to suit whatever spacing is re- 
quired.—P. K. CHEAL, Birmingham, Mich. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bidg., Cleveland 13, O. 





“Engineers graduating this year and next will 
be faced with many complex problems, and they 
will probably find that in some areas their prep- 
aration is inadequate. Because many developments 
now being used are not included in textbooks, it 
is vital that each young engineer realize that he 
will be forced to step up his study habits rather 
than try to ride on only his present information.”— 
Dr. MAYNARD M. Borne, president, American So- 
ciety for Engineering Education 
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Fig. 1 — Typical Allis-Chalmers Synduc- 


embled. Rotor is of lami- 
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Characteristics of a 


New Synchronous Electric 


New ac motor design with die-cast rotor 
starts like an induction machine, but operates 
without slip from no-load to pull-out. Units 
are characterized by high operating effici- 
ency, with simplicity of maintenance com- 
parable to squirrel-cage motors. Available 
in horsepower ratings from “Y to 40, these 
motors are built on standard induction-motor 
frames and enclosures. These drives can be 
operated at constant speeds or adjustable 
speeds by controlling input-power frequency. 
Several of these motors can be operated in 
synchronism when energized by a common 
power source. Cost is only slightly more than 
squirrel-cage designs. 


ANY design situations call for an electric 
motor that will operate or can be held at 
a constant speed. One answer might be 
the conventional synchronous motor which runs at 
a constant speed if line frequency is constant re- 
gardless of changes that may occur in either load 
or line voltage. However, the synchronous motor 
employs windings on rotating field poles, and 
these windings require de excitation through slip 
rings. A separate exciter unit is usually needed to 
produce de excitation and, of course, de exciters 
have commutators and brushes. As a result the 
relatively complex, expensive construction of the 
synchronous motor has generally limited its use to 
applications above 40 hp. 
The industrial, polyphase induction motor is 
characterized by a rugged mechanical construction, 
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particularly in the rotor, and it has a low first 
cost. The rotor windings are die cast, and there 
are no brushes or slip rings to create maintenance 
problems. 

However, the speed of an induction motor varies 
with changes in load and line input voltage. In fact 
it is difficult to obtain two induction motors with 
the same nameplate ratings that will operate at ex- 
actly the same speed driving identical loads, even 
when operated on the same voltage and frequency. 


Synchronous-Induction Design: By combining the 
design and construction characteristics of the syn- 
chronous machine and the induction unit, a basic- 
ally new electric motor has been developed by Al- 
lis-Chalmers which is tradenamed Synduction. 

This design may also be considered as a varia- 
tion of the synchronous-reluctance motor. As 
shown in Fig. 1 the stator is like that of a typical 
squirrel-cage induction motor, and the rotor is 
made up of laminations with die-cast conductors 
including a squirrel-cage winding. The rotor mag- 
netic circuit is designed to obstruct, to a major 
degree, the flow of quadrature-axis flux and simul- 
taneously provide maximum flow of direct-axis 
flux. 


Performance Characteristics: The Synduction 
motor starts and accelerates like an induction mo- 
tor. The rotor, with the aid of induction-motor 
torque, is accelerated to a speed just below syn- 
chronism. Then, if the load inertia is within design 
limits, speed quickly rises to synchronism. 

After acceleration as an induction motor, the 
unit runs at constant speed regardless of changes 


MACHINE DESIGN 












| 

















Speed (rpm) 


Torque (ib-ft) 


Fig. 2—S -torque curves for a pical 

Seacatet anes” operated on three differ- 

ent frequencies of input vol Motor data: 
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Motor Drive 


in load or voltage, provided the pull-out point is not 
exceeded and the supply frequency is held constant. 
Beyond pull-out the motor runs as a squirrel-cage 
induction motor; slip takes place and the speed de- 
creases with load. The motor is not designed to 
operate beyond the pull-out point. 


Design-Performance Relationships: The resist- 
ance of a squirrel-cage winding has a significant 
effect on the ability of a motor to synchronize. The 
lower the resistance, the lower the slip, and the 
closer the motor will approach synchronism as an 
induction machine. Hence, for good synchronizing 
ability it is desirable to have a low-resistance cage; 
this feature is inherent in this particular motor. 
Not only are the large quadrature-axis slots filled 
with aluminum to produce a low-resistance cage, 
but even the direct-axis slots are interconnected 
with large masses of aluminum. 

Speed-torque curves for one model of the syn- 
chronous-induction motor operated at three widely 
different frequencies are shown in Fig. 2. For the 
curves in Fig. 2 the load inertia is 2.2 times that of 
the motor rotor and, for the three frequency con- 
ditions shown, the pull-in torque averages about 
100 per cent. The range of values that may be ex- 
pected for pull-out torques for eight different 
horsepower ratings are listed in Table 1. This 
pull-out value can be adjusted in the design stage 
of the motor but it averages about 175 to 200 per 
cent of rated torque. 

Typical efficiencies and power factors at full-load 
for these eight motors are also shown in Table 1. 
Curves depicting efficiency, power factor, speed, 
and line current of a 10-hp Synduction motor are 
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Fig. 3—Characteristic curves of effici- 
oan power factor and line ak for a 
10 hp, 1800 rpm Synduction motor 


Table 1—Synchronous-induction Motor 








Performance 
Rating* No. Pull-OutTorque Full-Lead Fuil-Load 
(hp) Potes (% full load) Efficiency (%) Power Factor 
oe 4 210 58.0 61 
1 4 181 73.0 53 
1% 2 80.0 70 
2 4 190 78.0 icy 
TT 7 176 87.5 ST 
10 a 187 90.0 56 
30 6 166 90.0 62 
50 6 163 91.5 61 





*All ratings based on 60-cycle power. 


Table 2 — Performance Characteristics of 
Five Types of AC Motors* 








Synduc- Induc- Reluc- 
(100% (80% tion thon tance 
P.F.) P.F.) Moter Motor Motor 
Efficiency, % ....... 88 87 88 88 79 
Power Factor ....... 100 80 p 60 88 p 38 
(Lead) Lag) (Lag) Lag) 
Pull-Out Torque, Ib-ft 150 200 175 ee 150 
Pull-In Torquef, Ib-ft 110 125 120 80-100 
Locked-Rotor Torque, 
TUE > Kee ocsuenicn 110 125 280 150 400 
Locked-Rotor Current, 
SE Punudectie suk’ e 675 600 975 575 1050 





*Based on 20-hp, 1800-rpm, 3-phase motors. 
tBased on 8 Ib-ft*? of load inertia. 


given in Fig. 3. These curves show performance 
both in the constant-speed operating range, (below 
pull-out) as well as beyond the pull-out point when 
the motor operates on induction torque. The transi- 
tion between these two regions is the pull-out point. 
The transition is quite abrupt as can be seen by 
the curves. As the pull-out point is passed, the 
motor abruptly becomes noisy, and meter readings 
fluctuate. 

The starting torque and current of the syn- 
chronous-induction design motors generally are 
greater than those of induction motors but less 
than those of former reluctance motors. Table 2 
illustrates comparative performance characteristics 
for typical 20-hp motors for five different types of 
motors operating on 60 cycles. These relationships 
vary considerably at other horsepower ratings. 
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is recognizing the problems in an individual 

design. Many different, often difficult, prob- 
lems are found in the relationship of mechanical 
elements to forces, rates of flow, motions, and so 
on. Fits—the fitting together of mating parts— 
are another class of dimension problems, especially 
important because they occur so frequently. 

Recognizing a problem may begin, for instance, 
by merely appreciating that the adjustment knob 
of an instrument must not feel sloppy, that a 
journal bearing must have clearance, or that a 
shaft should not have too much axial play. 

Determining the factors that affect, say, the 
clearance of a journal bearing, will require an 
understanding of journal bearing design. In most 
fit problems the dimension condition depends only 
on design geometry. 

Specifying the limits of a dimension condition 
may be the most difficult part of a dimension 
study. Performance is often a matter of judgment 
and opinion more than anything else. The back- 
lash in the adjustment knob of an instrument, for 
example, may have nothing to do with the useful- 
ness of the instrument—but may make a bad im- 
pression on a prospective customer. Allowable 
limits for backlash could be determined by ex- 
perience or simple experiment, and the dimensions 
controlled accordingly. What is often wanted is 
not that a specific dimension condition be met, 
but that a judicious choice be made between toler- 
ances and the variation of the dimension condi- 
tion. 

After dimension relationships have been formu- 
lated and the equations solved, the end result is 
the dimension limits for the manufacturing draw- 
ings. The purpose of this article and the next 
article in this series is to give methods for formu- 
lating these dimension relationships when dimen- 
sions are defined by limits only. Future articles 
will discuss similar concepts for probability-dis- 


Tis STARTING point for a dimension study 
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tributed dimensions, and will show how these 
methods can be used in practice. 


Mechanism Trains: A machine or instrument can 
be analyzed as a system of one or more trains of 
mechanisms. Each train has a job to do. How it 
does its job can be expressed as a relationship be- 
tween the input of the train and the output. This 
relationship is satisfied in the synthesis of the 
train—what each mechanism does in relationship 
to the whole train. The equation of train variation 


Nomenclature 


k = Constant 

M = Combination of modifiers, m, affecting 
a particular variation, v (see Equation 
5) 

m = Modifier imposed on a unit in a train 
by the succeeding unit; in mechanism 
trains, the maximum absolute value of 
the first derivative of the succeeding 
mechanism function 





N = Number of teeth in a gear; or diameter 
of the gear 
n = Number of units being considered 


v = Variation of a dimension condition; in 
a mechanism train, variation of the 
output of the complete train or of in- 
dividual mechanisms 

Y = Output function of an individual mech- 

anism 


Subscripts 

j = Generalized number representing any 
individual unit in a group 
Maximum 
Number representing the last unit in a 
group 
Of a mechanism train 
Numbers representing individual units 
in a group 


3 
5 
lu 


me 

bd 

nw 
aL 
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A systematic study of methods for controlling 
effects of tolerances and design geometry 


Part 3—Limit Dimensioning Methods for 


is derived from the function of each mechanism. 
The simplest train consists of a single mechanism. 

The mechanism train shown in Fig. 20 will be 
used to illustrate the formulation of dimension 
relationships. It is assumed that the function of 
each mechanism can be put in the form of an 
equation; of course, this is not always possible. 
When it is not, the equation of train variation may 
have to be derived in whole or in part by a 
graphical method. 

One would presume that to study variations in 
a mechanism train the shapes and sizes of many 
parts of the design must first be fixed. However, 
tentative studies based on guesswork, however 
crude, will usually reveal which parts of a mech- 
anism are sensitive to variations and which are 
not. Attention can then be focused on a relatively 
small part of the design. An important part of 
this procedure is the technique for solving equa- 


Fig. 20 — Train of four mech- 
anisms showing individual units 
for limit-dimension analysis 
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Analyzing Mechanism Trains 


tions of variation in a train of mechanisms. 


Synthesis of the Train: During the synthesis of 
a mechanism train, a designer may have the 
greatest opportunity for controlling train varia- 
tion. Each mechanism in the train has an influence 
on the variation of all the preceding mechanisms; 
the cumulative variation at the output of the 
train can be made greater, less, or remain un- 
changed, depending on the function of the sepa- 
rate mechanisms. The train should be designed, 
if at all possible, so that cumulative variations 
are diminished. Two objectives will be realized: 
train accuracy will be high, and relatively liberal 
tolerances can be used for the component parts. 

Some mechanism trains in a system may not 
be independent. In a lathe, for instance, part of 
the train that traverses the carriage is usually 
common with part of the train that rotates the 


follower 
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spindle. In systems of interrelated trains, each 
train can be examined separately, disregarding the 
fact that some mechanisms are common with other 
trains. Variations of mechanisms common to two 
or more trains must be controlled to satisfy the 
requirements which are most severe. 

A mechanism train is synthesized to satisfy 
some relationship between the action of the first 
mechanism, and the action of the last. Suppose a 
train consists of four mechanisms. The relation- 
ship between the action Y, of the first mechanism, 
and Y, of the last, is some function, Y, = f(Y;). 

This function is not obtained directly, but is a 
consequence of the relationship between actions of 
the separate mechanisms: Y, = f(Y,); Ys; = 
f(¥.); and Y, = f(¥3;). These relationships can 
be called mechanism functions. Thus the mech- 
anism function of the jth mechanism is Y, = 
f(¥y4). 

Suppose that the train shown in Fig. 20 were 
synthesized to satisfy the following relationship 
between the action of the first mechanism, the rota- 
tion of the motor, and the action of the last mech- 
anism, the motion of the cam follower: 


Ni 
¥. = ke sin (—*> Y; ) (4) 
Ne 


Suppose further that the mechanism functions 
from which this relationship is constructed are 


Y2= Y; (4a) 
N, 

Y,; = —— Fy, (4b) 
N2 

Y,=—k sin Y; (4c) 


Numerical values will later be substituted for k 
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and the ratio N,/N,. For the present it is more 
advantageous to use letter symbols. 


Equation of Train Variation: Variation is a de- 
parture from an ideal condition—variation from 
the ideal clearance of a journal bearing or, in the 
case of the mechanism train now under considera- 
tion, variation from ideal motion of the cam 
follower. 

Variation in the action of a single mechanism 
may not be a simple quality, but rather a com- 
plex combination of several distinct variations, 
each of which is the result of some particular 
cause. When the effects of variations in a mech- 
anism train are considered, it is expedient to 
lump all the variations in any one mechanism to- 
gether into a single mechanism variation. 

Train variation is a combination of mechanism 
variations. The variation of the first mechanism 
is modified by the second mechanism, m2v,. To 
this is added the variation of the second mechan- 
ism, MV; + Vg. The sum is then modified by 
the third mechanism, m, (mv, + V2); and to this 
is added the third mechanism, m,(m.v, + v2) + 
v3. The process is continued until all of the varia- 
tions are included in one formula. 

Expressions for train variation derived by this 
process can be expanded and put in a more useful 
form. Table 2 includes formulas for trains of from 
two to five mechanisms. A general formula ob- 
tained by induction is 


Urry = My, v, + Move + . + M,v, + + 0%, (5) 


where 
My = my My). . - Mys) 


Modifiers are the maximum absolute values of 
the derivatives of the mechanism functions: 


| dYe2 
my = is 


| dY; mas 
dy; 


my = 


d ¥4.4 mas 





Thus, the modifiers for the mechanism train of 
Fig. 20, obtained by differentiating Equations 4a, 
b and ¢ are 


my, = 1 


N, 





Mm, = | 


N2 
ms = | k cos Ys; mas — | k ' 


Substituting these values in the general equation 
for train variation given in Table 2 yields 


| Mi 
— | N2 





If k = 0.5-inch and N,/N, = 0.2, then 
Ve, = O.1 v1 + Ol ve + O.5vg + V4 (6) 


where v;, and v, are in inches, v,, V2, and vg, are 
in radians. 
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If each mechanism in the train were allowed 
to contribute equally to the train variation, then 
it is apparent from Equation 6 that the motor and 
coupling could each be permitted a variation five 
times that of the gear reduction, or ten times that 
of the cam and follower. 


Graphical Methods: It may not always be pos- 
sisble to write mechanism fuctions in the form 
of equations from which the modifiers may be de- 
rived. Such is the case, for instance, when a 
mechanism train is synthesized to satisfy actions 
represented by graphical or numerical data. Nu- 
merical data can usually be plotted so that graph- 
ical methods may be used, although in some cases 
it may be advantageous to use numerical methods 
directly. Numerical methods, however, will not be 
discussed in this article. 

The action of the cam and follower is shown 
graphically in Fig. 21. This is the same function 
that is given in Equation 4c with k = 0.5-inch. 
Obtaining the value of the modifier by the graph- 
ical method requires constructing a tangent to the 
steepest part of the curve to obtain the maximum 
absolute value of the derivative. After (AY,) and 
(AY,) are measured, the modifier may be calculat- 
ed: 


(A Y4) 
ms, = | —————— | 
| (AYs) | maz 


= 0.5-inch/radian 


which is identical with the value of m, obtained 
by mathematical differentiation of the mechanism 
function. 


Solving Equations of Train Variation: Equations 
of train variation can be solved in one of two ways. 
The simplest is to assign reasonable values to the 
mechanism variations and check to see if the re- 
sulting train variation is also a reasonable value. 
This is a logical course to follow if no definite 
value for train variation is demanded. But 
when train variation is a particular value, the 
solution of the equation is not straightforward. 
Before the equation can be solved, some assump- 
tion must be made controlling the relative effect 
of each mechanism variation on train variation. 





Table 2—Train-Variation Equations 








Number of 
Mechanisms Train Variation, v,, 
2 (m2) Vy + Ve 
3 (mame) V1 + (Mg) Ve + Vy 
4 (M4M3gMz2) Vi + (MMe) Ve + 
(m4) Vg + V4 
5 (M5MgMszMeq) Vy + (MsMymMsz) V2 + 


(msm) Vg + (ms) v4 + V5 





One assumption is that each mechanism should 
have equal effect on train variation; this is called 
the assumption of equal weights. Thus, if the 
equation of train variation is in the form of 
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Equation 5, each term has equal weight when 


M,v,; = Move=... = My y=...= Ur 


and so 
Ur, = nM; v; (7) 


from which all the values of the mechanism varia- 
tions may be obtained. Note that when solving 
for v,, M, = 1. 

For example, if in Equation 6 the train varia- 
tion is 0.005-inch, then values of the mechanism 
variations for the assumption of equal weights 
are: Vv; = v. = 0.0125-radian, v, = 0.025-radian. 
and v, = 0.0013-inch. 

The assumption of equal weights is not the only 
basis for solving an equation of train variation. 
Instead of the values for individual mechanism 
variations given in the above example, it may be 
better to have v, larger by making v, and v, 
smaller, thus obtaining a more economical divi- 
sion of train variation among the four mechanisms. 
Consider the premise that 


M, = vy V MM; : (Sa) 


which may be called the square root assumption. 
Then 


vt, = Un (VM, + VMo+... + VMa4a +1) (8d) 


When using the square root assumption, first 
solve Equation 8b for v,, and then compute the 
remaining values of mechanism variation by means 
of Equation 8a. 

If the square root assumption is applied to Equa- 
tion 6, again for v,, = 0.005-inch, then v,; = v2 = 
0.0066-radian, v, = 0.0030-radian, and v, = 0.0021- 
inch. Compare these values with those obtained 
for the assumption of equal weights. 

From the previous examples it would seem that 
when the coefficients of the variations differ by a 
considerable amount (as they do in Equation 7) 
the square root assumption gives better results 
than the assumption of equal weights. But the 
square root assumption should not necessarily be 
considered the ultimate. Other methods for solv- 
ing equations of train variation may be more 
suitable, depending on the circumstances. More- 
over, any method of solution will often require 
special adaptations to particular problems. For 
instance, if the coupling in Fig. 20 were a stand- 
ard item with a predetermined variation, then 
Equation 7 would have to be modified as follows, 


%, — Move = oe=- 1) Mj; v;;j #2 
and similarly for Equation 8b 
Ur, — Me V2 = Un (VM, + V Ma t+ ... + VM +1) 


Next Article: Part 4 of this series will discuss 
simple dimension systems—how to analyze individ- 
ual mechanisms and assemblies to find sources of 
variations with limit-dimensioning analysis. 
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Fig. 1—Left—Cross section of stainless clad 

steel pipe made by centrifugal casting of 

Type 347 stainless steel on inside and 214 
Cr, 1 Mo alloy steel on outside 


Fig. 2—Below—Cross section of copper clad 
pipe made by “compressing” copper tube 
around smaller diameter steel pipe 






By Helmut Thielsch 
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Providence, R. I. 


OMPOSITE steels are either clad steels or In the wall thickness range from approximately 
oe applied liners. Both are made of a mild or 3/16 to 14-in. solid stainless steel and stainless clad 
low-alloy “backing steel” to which another steel are competitive. If consideration is given 
metal or alloy is bonded on either or both surfaces. only to the higher allowable stresses permitted by 
Composite materials combine desirable properties the ASME Boiler and Pressure Vessel Code for the 
of the cladding material with the strength or solid stainless steels, their use would be more 
forming characteristics of the backing steel, and economical than stainless steel clad to mild steel. 
they may offer cost savings over the use of solid However, when higher-strength alloy steels are 
materials. used as backing components, the difference be- 
In a clad steel the bond is continuous over the tween the allowable stresses of the clad and solid 
entire surface area. Clad plates are always referred materials can be reduced or reversed. 
to as clad but clad piping is frequently called dual In storage tanks, processing tanks and similar 
metal. 

Applied liners consist of sheets or relatively thin 
plates bonded intermittently by welding to the 
backing steel. 

In most applications, clad steels or liners are 
selected for their corrosion resistance in environ- = nee 1 
ments which would attack mild or low-alloy steel. YY tip Y 7 y 
There are also many applications where composite Up. dps ’ WY 
steels are selected for their heat conductivity, ox- SSS 
idation resistance, wear resistance, and other char- 
acteristics. 

Although numerous cladding and liner com- 
binations are possible, the greatest tonnage pro- 
duced is stainless-clad steels or stainless-steel ap- 
plied liners. Pressure vessels, particularly, use 
solid stainless plate or a stainless composite plate. 
Which kind to specify depends upon the cost of the 
plate in the thickness needed and upon production, 
design and fabricating considerations. For chemical 
pressure vessels and tanks, solid stainless-steel 
plates generally are most economical in thick- 
nesses up to about 3/16-in. 










“- =? 


SSS bd ba SS SD DD 


> 
ba 
es . 











Step t Step 2 


SSS 





96 MACHINE DESIGN 








y F . 9 


AN ERAY AWANAAR ANAT 





CLAD STEELS 


vessels, where stiffness or rigidity are of primary 
importance, clad steels may be more suitable than 
solid stainless steels. When heat transfer and good 
corrosion resistance are desired, the clad grades 
have a definite advantage over solid stainless steels 
because of the higher heat conductivity of the mild 
backing steel. Hot working and forming opera- 
tions are usually more costly for solid than for 
clad stainless steel. 

For wall thicknesses between about 1% to 11, in., 
stainless-clad steels and stainless applied liners are 
competitive. In pressure vessels and tanks, clad 









t/e-in thick steel 





backing strip 
to) ) 
Fig. 4—Joint p i ere Bry used 
for wel blind bodes 2 a, side blind; 
es 5, clad side blind 
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There are two kinds of com- 
posite steels—clad steels and 
applied liners — each with 
specific advantages. This ar- 
ticle compares the two brief- 
ly and summarizes the weld- 
ing of clad steels. A later ar- 
ticle will consider the weld- 
ing of applied liners. 











materials are usually preferred up to %-in. In 
thicker walls, liners are more commonly used. 

Above 114 in. the attachment of liner plates to 
the backing steel is likely to be most economical 
if fabricating and operating conditions permit their 
use. 

There are significant differences between the 
welding of clad steels and the welding of applied 
liners. Handling, design, and service properties 
differ too. For these reasons, only the engineering 
characteristics of clad steels are treated here. Ap- 
plied liners will be discussed in a later article. 


Clad Steels: Clad steels are most often available 
commercially in the form of plates. Various com- 
binations obtainable have stainless types 304, 304L, 
309, 310, 316, 321 and 347, nickel, Monel, Inconel or 
copper bonded to mild steel. Plates of aluminum 
and silver clad to steel have also been produced 
commercially. Special forms consisting of copper 
clad to stainless and many other combinations of 
the above materials are also produced. Thickness 
of the cladding generally amounts to about 10 to 
20 per cent of the total sheet or plate thickness. 

Of the many different possible procedures for 
the manufacture of clad steels, only a few are 
used commercially: (1) a stainless or nonferrous 
plate is fillet-welded to the backing steel, (2) the 
cladding metal is cast onto the backing steel, or 
(3) the cladding metal is applied by one of several 
welding methods. Thus joined initially, composite 
slabs are heated to forging temperatures which 
vary with the cladding material'and subsequently 
reduced by hot rolling. On stainless steel, nickel, 
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and nickel alloys both the cladding material and 
backing steel are uniformly reduced by hot rolling. 
Where softer cladding materials such as copper and 
aluminum are involved, the backing steel is re- 
duced little, if any, and the rolling consists es- 
sentially of a continous tacking operation. On 
smaller sizes continuous bonding can also be ac- 
complished by hot pressing. 

Clad plates for large pressure vessels have been 
produced also by brazing. The “base” backing 
steel plate and cladding plate are cut to a size 
somewhat larger than the finished plate size re- 
quired. A brazing alloy is applied prior to plac- 
ing the cladding plate onto the backing steel. Bond- 
ing is accomplished by a heating and pressing 
operation on the two plates. 

Clad piping is produced in two ways. One meth- 
od is centrifugal casting, first the outer material 
and subsequently the inner material. The other 
is hot extruding a composite tubular assembly con- 
sisting of a tube of one composition slipped or 
pressed into a tube of another composition and of 
slightly larger diameter. Small-diameter clad pip- 
ing is usually made by the latter process. The 
cladding can be either on the outside or on the 
inside. A cross-section of a pipe clad with Type 
347 stainless is shown in Fig. 1. Outside diameter 


is 61% in.; inside diameter is 3 in. 

Cladding can also be applied by compressing a 
tube of larger diameter onto a backing tube of 
smaller diameter. A copper-clad steel product of 
this type is shown in Fig. 2. 


Welding: In service applications involving cor- 
rosive environments, a weld on the cladding side 
must have corrosion resistance equal to that of 
the cladding material. Also, the weld should have 
sufficient strength and ductility to meet antici- 
pated service requirements. 

Joint designs and welding procedures depend, 
in part, upon the ability to weld from both sides 
or from one side only. Joints accessible from only 
one side are generally called blind joints. 


Accessible Joints: Recommended joint designs 
and welding conditions for butt joints in plate ac- 
cessible from both sides are shown in Table 1. 

Wall thicknesses up to 1/16-in., although ac- 
cessible from both sides, usually are welded in one 
pass from the cladding side. 

On thicknesses from 1/16 to \-in., two or more 
passes are preferred. They should both be de- 
posited from the cladding side. A straight butt 
joint is preferred with the root toward the back- 


Table 1—Recommended Designs and Procedures for Butt Joints in Clad Steels 






















































































Sheet or Plote Joint Design Welding Recommendations 
Thickness ( inches) (Dimensions in inches) Technique Materials 
Use electrodes or welding rods depositing 
weid metal of composition similar to cladding. 
Up to £ E 5 ] Make one pass on clad side Where weid metal dilution may be involved, 
the electrode or welding rod should be more 
highly alloyed than the cladding material. 
Use electrodes or welding rods depositing weid 
4 E ] Moke two passes, both on metal of composition similar to cladding. 
a to; cled side Where weid-metoi dilution may be involved, 
= -—0- 7 the electrode or weiding rod should be more 
highly alloyed than the cladding material 
235° 
Use electrodes or welding rods depositing 
Make two passes: first on weld metal of composition similar to cladding. 
¢ tot f WA | —— second on Chip or grind out clad side prior to 
<< SG welding, Fig. 3. 
' J 
Lip, 3 ~ is 
o35°" 
iy, Weld backing-steel side with steel electrodes 
L 3 { Make two to four passes th t - 
to Le Follow procedure in Fig. 3 and cladding side with electrodes recom 
2 mended in Table 2 
cy vv y¥ 
—Lip & - % 
“io° 
Z 2“ Os 
f A747 3r _, Weld backing-steel side with steel elec — 
Over 2 BAZ: fy, a ees trodes and cladding side with the etectrodes 
KE ALLL recommended in Tabie 2. 
de 
' 3 
LIP ig ~ 32 
Weld backing stee! with steel electrodes 
Over 1 Moke numerous passes. from both sides of doubie-V groove. 
Then deposit cladding loyers. 
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ing steel side and through welding from the clad 
side. 

Over ‘%-in., the backing steel side should be 
welded first, then the cladding side, Fig. 3. 

The electrode and welding rod compositions 
ordinarily recommended for welding the clad side 
are listed in Table 2. 

In service applications where the surface of the 
weld deposit on the cladding side should exhibit 
essentially the same corrosion resistance or other 
properties as the cladding material, dilution of 
the surface layer of the weld metal generally 
should be kept to a minimum. Electrodes or weld- 
ing-rods selected for the job should produce weld 
metal not adversely affected by dilution. On stain- 
less-clad steels, recommended electrodes or welding 
rods are chromium-nickel alloys somewhat higher 
in alloy content than the cladding material. Where 
thickness of the cladding layer is less than %-in., 
it is also advisable to minimize dilution by de- 
positing the initial weld passes adjacent to the 
backing steel with small-diameter electrodes at 
low current. This minimizes heating and melting 
of the backing steel. 


Blind Joints: On piping and other forms where 
the weld must be made from one side only, special 
joint designs are required. Where backing strips can 
be used, suitable joint designs are illustrated in 
Fig. 4. Welding is by the shielded metal-are process 
with covered electrodes. Where a smooth surface 
contour on the blind side is desired, as in most pip- 
ing systems, the joint should be prepared as shown 
in Fig. 5. The root is usually welded by the inert- 
gas tungsten-arc process. On heavy pipe sizes the 
balance of the weld is usually completed by shielded 
metal-arec welding. This practice is used in the 


CLAD STEELS 





piping industry even on solid homogeneous mate- 
rials and particularly in power piping installations. 

Where the steel side is blind, the electrode and 
welding rod compositions recommended in Table 2 
should be followed. 

Where the clad side is blind, the cladding should 
be welded with electrodes or welding rods of the 
same type of composition as the cladding metal, 
unless dilution must be considered. Special prob- 
lems, however, may be involved in completing the 
weld. 

On most materials of wall thicknesses up to %- 
in., the best practice is to complete the whole weld 
with the same electrodes or welding rods as used 
to weld the cladding. This is not applicable to 
some nonferrous clad steels. On aluminum-clad 
steels, for example, the strength of the back-up 
steel must be maintained. On such materials, 
special types of joints with over-lap-type root 
preparations may be required. 

On wall thicknesses over 1%-in., it is frequently 
desirable to complete the weld with mild or low- 
alloy steel electrodes after the clad root of the 
joint has been welded with the proper high alloy 
steel or nonferrous electrodes. Care must be ex- 
ercised in selecting the electrodes or welding rods 
and the welding procedure. They should not pro- 
duce a brittle transition zone in the finished weld. 
It is frequently desirable to deposit a transition 
weld having properties somewhat between those of 
the cladding and backing steel. This is called 
buttering. 

It is considered undesirable, for example, to 
deposit mild or low-alloy steel weld metal against 
the austenitic stainless steels. The transition zone 





Table 2—Electrode and Welding-Rod Compositions for Welding Clad Steels 








Cladding For First Layer To Complete Weld* Alloy to Steel* 
Metal on Backing Steel and (welds not exposed to corrosion) 
for ‘‘Through’’ Welding*+ 
302 E310, E309 E310, £309, E308 E310, E309 
304 E310, E309 E310, E309, E308 E310, E309 
304L5 B310 Cb, E309 Cb £310 Cb, E309 Cb, E347 £310, E309, E310 Cb 
309 E310 B310 E310 
310 E310 E310 E310 
316 E310 Mo, E309 Mo £310 Mo, E309 Mo, B316 £310, E309, E310 Mo, E309 Mo 
316L$ E310 Mo, E318 E3 E310, E309, E310 Mo 
321 E310 Cb, E309 Cb E316 Cb, E309 Cb, E347 6310, £309, E310 Cb, E309 Cb 
347 £310 Cb, E309 Cb ©310 Cb, E300 Cb, E347 £310, E309, E310 Cb, E309 Cb 
405 E310, E309, E4303 E310, E300, E430t E310, E309 
410 £310, E309, £4301 E310, E309, E430t E310, £309 
430 5310, E300, £430? £310, D309, E430t E310, E309 
No. 20°° E310, E309 Stainless No. 20 E310, E309 
Nickel Nickel (No. 141) Nickel (No. 141) Nickel (No. 141); 80 Ni, 20 Cr (No. 142) 
L-nickel Nickel (No. 141) Nickel (No. 141) Nickel (No. 141); 80 Ni, 20 Cr (No. 142) 
Monel Monel (No. 140) Monel (No. 140) Nickel (No. 141); 80 Ni, 20 Cr (No. 143): 
Monel (No. 140) 
Incone! 80 Cr, 20 Ni (No. 142) 80 Cr, 20 Ni (No. 142) 80 Cr, 20 Ni (No. 142) 
Copper Cu8n-A Copper CuSn-A 
Aluminum Al (11-13 Si), Al Aluminum Al (11-13 Si), Al 
Silver Silver Silver Silver 





*For stainless-steel electrode classification see ‘‘Selecting 
Electrodes and Welding Rods: Part 2—Stainless Steels.’’ 
December, 1955. 

tThese specifications apply where weld-metal dilution is 
involved. 

$The letter L, as adopted by the American Iron and 


Steel Institute, denotes the extra-low-carbon (0.3 max 
C) grades. 
tMust be used under certain corrosive conditions and 
may require special preheat and postheat-treatments. 
**Base steel clad with Carpenter 20 stainless steel. 





May 3, 1956 











Fig. s—Above—Recommended joint pre- 
paration for clad pipe joints requiring 
smooth footed contour 


Fig. 6—Below—Cracking in a brittle tran- 
sition weld after bending 5 degrees. A 
carbon steel weld metal layer had been 

deposited on stainless steel 





Fig, 7—Beod cect of properly made T 
304 clad stainless steel pipe weld sell 





would tend to be rather hard, brittle and highly 
susceptible to cracking, Fig. 6. The reverse is not 
true, however, as weld metal can be readily de- 
posited against mild steel. 

A weld made in a Type 304 stainless-clad pipe 
joint is illustrated in Fig. 7. The joint preparation 
is in accordance with Fig. 5. The root was welded 
by the inert-gas tungsten-arc process. This was 
followed by welding the balance of the clad layer 
by shielded metal-arc welding with E308 (18 Cr, 
8 Ni) electrodes. The buttered layer adjacent to 
the backing steel was made by shielded metal-arc 
welding with electrodes which exhibit a metal- 
lurgical structure more like mild steel than the 
18 Cr, 8 Ni alloy. The balance of the weld was 
completed with E6016 mild steel electrodes. 
Neither preheating nor postheating was necessary. 
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The welding procedure specified careful control 
over such variables as electrode size, current and 
stringer beading. These are representative criti- 
cal factors in welding dissimilar-metal joints. The 
completed weld met the various tests required by 
inspection codes, as the bend test specimen in Fig. 
7 indicates. 


Welding Processes: Shielded metal-arc welding 
is most commonly used for welding clad steels 
with electrodes of mild steel, alloy steel, or non- 
ferrous materials. 

Inert-gas tungsten-arc welding produces very 
good results on light-gage clad materials, up to 
about %-in., welded with the addition of the proper 
welding-rod materials. The inert-gas tungsten-arc 
process is also used in welding the root pass in clad 
piping, the balance of the weld being completed 
with shielded metal-arc welding. 

Inert-gas metal-arc welding with consumable 
electrodes is occasionally employed on sections over 
3g-in. where the whole weld has to be made from 
the backing steel side. Control over dilution may 
be necessary by means of electrodes more highly 
alloyed than the base metal. 

Submerged-are welding is used in welding the 
steel side of plates over 34-in. thick or on heavy- 
wall clad piping with the backing steel on the in- 
side (blind). Prior to submerged-are welding, one 
or two block beads should be deposited by shielded 
metal-arc welding with mild steel electrodes to 
prevent burn-through with the submerged-arc proc- 
ess. On accessible joints the clad side should be 
welded by shielded metal-arc welding. On blind 
pipe joints where the cladding is on the inside, 
the root pass should be welded by inert-gas tung- 
sten-arc welding. On relatively heavy clad sec- 
tions several additional layers of the cladding al- 
loy should be deposited by manual metal-arc 
welding. 

Oxyacetylene welding is rarely used except on 
copper-clad steels where this process is suitable 
for welding the copper cladding. 


Heat Treatment: The proper heat-treating tem- 
peratures and procedures must be based on the 
characteristics of both the backing steel and the 
cladding material. Care should be taken to specify 
a heat-treatment which produces beneficial effects 
in one material and yet will not harm the other. 
Cooling rates may have to be specified in cases 
where rapid cooling may affect adversely one of the 
materials. It must be recognized that the coeffici- 
ents of the respective materials may differ con- 
siderably and may result in serious residual 
stresses. 
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Methods for 
SHEARING 


high-speed 


MOVING WEBS 


By Sigmund Rappaport* 
Project Supervisor 

Ford Instrument Co. 

Div. of Sperry Rand Corp. 

Long Island City, N. Y. 


APER-conversion machines, printing presses, 
Pp packaging machines, or other machines work- 
ing with a thin, flexible material like paper 
or aluminum foil often have to perform a so-called 
“cross-cutting operation.” Through these machines 
passes a continuous web of material at constant 
velocity which must be cut into sheets of equal 
length. Usually such machines must meet the fol- 
lowing design or operating requirements: (1) cut- 
ting length has to be adjustable, (2) the cut has 
to be a straight line and perpendicular to web 
edge, (3) the cutting point (contact between the 
two shear blades) should traverse web from one 
edge to the other in much the same way hand 
scissors work to achieve a smooth cut and to avoid 
impact shock between the blades, (4) grinding 
and sharpening of shear blades should be as easy 
as possible, a straight-line cutting edge being most 
desirable, and (5) the knife has to be capable of 
high speeds. Many methods have been devised and 
put into practice to achieve these desired results. 
The generally known systems fall short in one 
or more of the design requirements just outlined. 
For example, the helical knife is not easily ma- 
chined; the hyperbolic knife is not adjustable for 
different cutting lengths and it is difficult to grind 
correctly; oscillating knives are not suitable for 
high speeds. 
This article discusses two other forms of cutters 
which have many advantages—the rotary hyper- 
boloid knife and the “straight-edged” helical knife. 


Rotary Hyperboloid Knife: Originally developed 
by Maschinenfabrik F. Lerner in Vienna, Austria, 
the rotary hyperboloid knife is employed to some 
extent in the United States and Canada. The 





*Adjunct professor of kinematics, Polytechnic Institute of 
Brooklyn. 
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Several approaches have been em- 
ployed in the design of machines for 
shearing continuously moving webs 
of material into sheets. Of course, 
each cutting technique has its own 
characteristic advantages and dis- 
advantages. In the December, 1955, 


_ issue of Machine Design was an 


article by Erwin P. Pollitt entitled 
“High-Speed Web Cutting” which 





Fig. 1—Hyperboloid generated by straight lines 
AC or BD rotating around axis PP. 
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Fig. 2—Above—Schematic view of rotary 
hyperboloid knife arrangement with the 
rotary knife positioned at the midpoint 
of a cut. 


Fig. 3—Right—Rotory knife in some arbi- 
trary position during a cut is shown by 
top view, a, and end view, 5. 


geometrical principles of operation of the rotary 
hyperboloid knife will be presented in the follow- 
ing discussion. 

Assume straight line AC in Fig. 1 is not parallel 
to nor does it intersect axis PP. If line AC is ro- 
tated around axis PP, it generates a hyperboloid. 
Exactly the same hyperboloid can be generated by 
another straight line BD which is located sym- 
metrically to AC. If axis PP and line BD are both 
held fixed in space while line AC is rotated around 
PP as before, then all points on line AC will come 
successively in contact with all points on line BD. 
In other words, if BD represents the cutting edge 
of a straight stationary blade and AC represents 
the cutting edge of a straight rotating blade, a 
cut will be effected that has all the characteristics 
of a shearing action, since the point of contact be- 
tween the two blades travels from one end of the 
blade to the other across the web. However, the 
web would not be cut in a geometrically exact 
straight line because all points on the cutting 
edge of the rotary knife are located at different 
distances from their common axis of rotation, and 
hence, they travel at different linear velocities. 

In Fig. 2 is a perspective schematic view of the 
knife arrangement which will aid in an analysis of 
the actual cutting curve. The rotary knife in some 
arbitrary position during the cut is shown by a 
top view in Fig. 3a and by an end view in Fig. 3b. 

Web velocity c is assumed to be constant. Angu- 
lar velocity of the knife » can be adjusted to a 
constant value for any given sheet length / permit- 
ting the knife to make one revolution in the time 
the web travels the given sheet length 1. 

In regard to the other notations marked in Figs. 
2 and 3, r is chosen so that 2rr is not less than 
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the shortest sheet length handled; this means the 
circumferential speed of the knife should not be 
less than the web speed, otherwise crowding of 
the web material behind the trailing edge of the 
rotary blade would occur during the cutting opera- 
tion. Since the knife performs one revolution per 
cut, it has to rotate slower for long-cut sheets and 
faster for short ones, while web speed remains 
constant. 

The choice of the skew angle « depends on w, 
the width of the web. The skew angle should be 
chosen so that the resulting offset angle @ is 2 
or 3 degrees, or from the expression r sin g = w X 
tan 8, sin « = 0.045 w/r. Under these geometrical 
conditions, the web moves through distance /7 in 
the time TJ or T = I/c. In this time the knife 
can make one revolution. During the cutting time 
t the knife rotates through 2a. Hence, t/T = 
2a/2r or t = Ta/x = la/er. In this time the 
web has traveled tc = la/z. 

Assume for the time being that r in Fig. 2 is 
chosen so that AB = la/z. Consequently, r = 
la/(2r sin a). The circumferential speed of the 
knife would, under these conditions, be somewhat 
greater than the web speed, and the rotational 
axis of the movable knife would lie perpendicular 
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SHEARING MOVING WEBS 





to the web travel. Incidentally, circumferential 
knife speed equals ca/sin «a. 

The cutting point is EZ, the point of contact be- 
tween the rotary and the stationary knife blade 
in one particular instant corresponding to ¢, the 
angular displacement of the rotary knife. Point 
E, which coincides at the start of cutting with 
point A on the rotary blade and with B on the 
stationary one, travels successively along the 
blades (and the web) and, at the end of the cut, 
coincides with C and D. The path that FE describes 
relative to the moving web will also be the shape 
of the web cut. The question is, “What will this 
shape be?” 

The contact point E travels in the time r from 
E to O, Figs. 3a and b. Then distance Z = p tan 
(¢/2). But since ¢ = or, Z = p tan (wr/2) and 
distance y = Z/tan 8 = p tan (7/2)/tan 8. The 
web traveled in time +r distance x, and 2 = Cr. 

The equation of the cutting curve, shown in 
Fig. 4, is therefore, in parameter form, 











z=—cr 
@T 
p tan ( ) 
wie tan 8 
or, explicitly 
tan (>>) 
an ——— 
2c 
y= 
tan 8 


Since p, 8, » and c are constants, the preceding 
expression can be written: 


y = m tan (nz) 


This curve is shown with an exaggerated x-scale 


Nomenclature 





Web velocity, in. per sec 

Sheet length, in. 

Constant 

p/tan B 

Constant 

w/2ce 

= Distance from axis of rotation to cutting 
edge of hyperboloid knife, in. 

Length of time required for web to move 
through sheet length 7 (also time required 
for rotary knife to complete one revolution), 
sec 

= Length of cutting time—period of time be- 
tween engagement and disengagement of 
knife blades, sec 

Web width, in. 

Knife skew angle, deg 

Wed offset angle, deg 

Angular displacement of rotary knife, deg 
Angular velocity of rotary knife, rad per sec 


Hou i wee ut 
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l! 
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in Fig. 4. The asymptotes of the curve are 


qv otana 
2a 


This cutting curve deviates little from an exact 
straight line because of the smallness of tan £. 
On a web 3 ft wide, the deviation proved to be 
of the order of 0.010-in. 

It is advantageous to design the knife so the 
two ends of the rotary blade are not the same 
distance from the axis o:' rotation, such as A and 
C in Figs. 1 and 4, but are located at points 
A and A’ respectively. Only the part of the curve 
close to the asymptote is used, which makes the 
deviation from an exact straight line even smaller. 

The stationary blade and the rotation axis of 
the movable blade are held in a frame at a prede- 
termined relative angular position to each other; 
this angle is obtained from the constant skew 
angle a. The angular position of this frame with 
respect to the web travel, however, is adjustable 
for different cutting lengths to make certain the 
cut is performed at right angles to the web edge. 
The rotary knife is driven through bevel gears 
to make this adjustment possible. Speed of the 
knife, which corresponds to the cutting length, 
is set by means of change gears. 

If cutting lengths longer than those the knife 
was designed for are to be handled, then elliptical 
gears or some other variable-speed mechanism 
can be placed in the chain of change gears, so 
that the circumferential speed of the knife edge 
during the cut is slightly larger than the web 
speed. This method has been successfully applied. 


“Straight-Edged” Helical Knife: Although the 
knife just described performs cuts which are, for 
all practical purposes, straight lines, it is some- 
times desired, especially for large web widths, to 


use a knife with a theoretically exact straight cut. 
This requirement is met by the “straight-edged”’ 
helical knife. 

If the cutting edge of the rotary knife is a helix 
wound upon a cylinder and the stationary knife has 
a straight-line cutting edge, a theoretically straight 
cut is performed because all points on the rotary 
knife are equally distant from their center of rota- 
tion. However, it is difficult to grind a helical cut- 
ting edge on a rotary knife. In order to overcome 
this difficulty, the author, then at Maschinen- 
fabrik F. Lerner, Vienna, devised and put into 
operation the following simple method. 

A flat, straight, comparatively thin knife blade 
is used that has a straight-line cutting edge. This 
blade is sandwiched between two appropriately 
milled “forming bars.” The bars, pressed together 
by screws, force the knife blade to assume the 
correct shape, much in the same way as a razor 
blade is bent into the desired shape in a safety 
razor. An exaggerated perspective view of one of 
these bars is shown in Fig. 5; the other bar is 
the mate to this one. Obviously, these bars must 
be carefully milled to the helical shape to let them 
rotate, not around their geometrical center, but 
rather their operating center. A helix angle of 
1 to 2 degrees is satisfactory. 

A rotary blade about 3/32-inch thick can stand 
several million cuts through such materials as 
paper, cellophane or aluminum foil before resharp- 
ening becomes necessary. Regrinding is easily 
done; the disassembled blade springs back into its 
original straight shape and the grinding cut is 
performed on a straight line. ; 

The cutting edge of the stationary knife is par- 
allel to the rotary axis—not askew as in the rotary 
hyperboloid knife. Adjustment for cutting length 
and right-angle cutting is performed in the same 
manner as in the rotary hyperboloid knife. A 
schematic of the knife assembly is shown in Fig. 6. 





Tips and 
Techniques 





Locating Center of Gravity 


A SRELE graphical method may be employed to 
locate the center of gravity of an unsymmetri- 
cal hole or bolt pattern. Referring to the accom- 
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panying sketch, first draw line a between any two 
holes and bisect that line. From the midpoint of a 
draw line b to any other hole. Trisect line b. 
From the one-third point on line b nearest line a, 
draw line c to a fourth hole. Divide line c into 
four parts. From the one-quarter point nearest 
line b, draw line d to the last hole. One-fifth the 
distance from line c to the last hole is the location 
of the center of gravity of the pattern——Davm R. 
BIRCHALL, Goodyear Aircraft Corp., Akron, O. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DesIGcN, Penton Bidg., Cleveland 13, O. 
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Practical selection data for 


Sleeve Bearing 


By J. B. Mohler* 


Dept. of Metallurgical Research 
Kaiser Aluminum & Chemical Corp. 
Spokane, Wash. 


ELECTION of the correct material for a sleeve 
bearing can be approached in many different 
ways. Without doubt, the most reliable method 
would be to perform service tests with the bearing 
in the machine in which it is to operate. Unfor- 
tunately, required life of a bearing and other con- 
siderations may be such as to preclude such tests. 
Although it is impossible to perform life tests 





*Formerly Consultant. New Castle, Pa 


Table 1—Typical Bearing Material Uses 





Solid babbitt bearings are still poured for 
some machinery. Bearings are occasionally 
bored from solid babbitt bars for low-cost light- 
load applications. 

Cast bronze bearings are used for high loads 
at very low speeds. 

Cast leaded bronze is used for heavy duty 
service at low speeds (roll neck bearings, cable 
drum bearings); heavy loads where relative mo- 
tion is limited (piston pin bearings); light loads 
where demand for surface properties is not 
great (instruments, fractional-horsepower mo- 
tors, light-duty machinery); corrosion resist- 
ance (pumps), and applications where a bronze 
casting can function both as a bearing and some 
other machine element. 

Cast copper-lead is useful at higher speeds at 
lower loads than the leaded bronzes where bet- 
ter surface properties are desired (large elec- 
tric motors and large internal combustion en- 
gines). 

Cast aluminum is used for higher loads than 
cast copper-lead, heavy-wall diesel engine bear- 
ings for example. 

Sintered bronze impregnated with oil serves 
well for light loads or where oiling is difficult 
or undesirable (instruments, home appliances, 
washing machines). 

Sintered iron costs less and carries higher 
loads than sintered bronze. 

Wrought bronze sheet is used for low-cost 
applications where bearings can be pressed into 
a hole (wrist pin, piston pin, knuckle pin). 

Graphited wrought bronze is used in applica- 
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tions where lubrication is difficult (water 
pumps). 

Graphited cast bronze is used where bearings 
run at high temperatures up to 400 F. 

Solid graphite is used for furnace bearings at 
temperatures to 600 F. 

Plastic bearings perform well in light load 
applications where oiling is objectionable (tex- 
tile machinery, light-duty home appliances, 
toys). | 

Babbitt on bronze is used where heavy babbitt 
will carry the load and the shaft must be pro- 
tected if the babbitt breaks away (railway 
journal bearings, connecting-rod and main bear- 
ings for large internal-combustion engines). 

Babbitt on steel is generally used for pressed- 
in bearings with moderate loads (motors; tur- 
bines; generators; automotive main, connecting- 
rod and camshaft bearings; high-speed thrust 
surfaces). 

Microbabbitt on steel will carry heavier loads 
than thick babbitt. Thickness of the babbitt 
layer is from 0.002 to 0.005-in. 

Copper-lead on steel carries higher loads than 
babbitt on steel. 

Aluminum on steel carries heavier loads than 
copper-lead on steel. 

Overlay bearings use a plated layer of lead 
or tin alloy, 0.001-in. thick. This overlay in- 


creases the load capacity of copper-lead and 


improves the surface properties of aluminum. 

Overlay silver on steel is used for high speed 
at high loads (internal-combustion aircraft en- 
gine bearings). 
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BEARING MATERIALS 





whenever a bearing material must be selected for 
a particular application, a knowledge of the prop- 
erties of various commonly used bearing materials 
often constitutes an acceptable substitute. Since op- 
erating requirements of a new bearing are often 
comparable to or nearly identical with an existing, 
successful bearing, a first approach to material 
selection is to use the same material performing 
successfully in an existing application, Table 1. 
In the event that some particular factor in a new 
design varies sufficiently to call for use of a new 
material, knowledge of the comparative character- 
istics of bearing alloys will serve as a useful tool 
in material selection. 

This article will detail certain of the known prop- 
erties of existing bearing materials which may be 
applied in this fashion. Although absolute values 
cannot be given to many of the qualities of bearing 
materials to be discussed, the comparative values 
given are useful and reliable. For example, in a 
given application, it is certain that bronze will have 
higher load capacity and lower wear rate than will 
babbitt. It is likewise true that these desirable 
features are obtained at a price of increased shaft 
wear rate and reduced seating ability. 


Speed and Load Ratings: In most cases, use of 
a bearing material is limited by load and speed. As- 
suming that the fit is satisfactory and lubrica- 
tion adequate, an improper alloy will either lose 
size by pounding out or squashing, or it will over- 





Table 2—Comparative Load and Speed 


Ratings 
Material Comparative Comparative 
Speed Rating Load Rating 
Babbitt . 6 
Copper-lead 
Aluminum . 


Leaded bronze 
Silver . 
Bronze . 


ou. ownw 
nw ao 








Table 3—Load Capacities of Babbitts 


Composition _ 


SAE Relative 
Designation Load Rating 
No. 11 100 87 Sn, 7 Sb, 6 Cu 
No. 13 75 5 Sn, 85 Pb, 10 Sb 
No. 14 100 10 Sn, 75 Pb, 15 Sb 
No. 15 125 1 Sn, 83 Pb, 15 Sb, 1 As 





Table 4—Load Ratings of Copper Alloy 


Bearings 
Material Relative - oo Composition _ 
Load Rating 

Bronze : 200 90 Cu, 10 Sn 

Leaded bronze... .. 150 80 Cu, 10 Sn, 10 Pb 
Leaded bronze... ... 100 83 Cu, 7 Sn, 7 Pb, 3 Zn 
Leaded bronze... ... 75 80 Cu, 5 Sn, 15 Pb 
Copper-lead ....... 50 70 Cu, 30 Pb 


heat and seize or melt out. Size will be lost by 
movement of material due to overloading. Over- 
heating is due to higher friction associated with 
the harder alloys. Comparative load and speed 
ratings for various bearing metals are given in 
Table 2. 

Babbitt, lead or tin are required for low friction 
in high-speed applications. Such surfaces are also 
desirable for good seating, ability to embed dirt and 
ability to conform at low loads regardless of the 
speed. When load is the limiting factor, a stronger 
alloy lower in the table must be used, but in general 
the softest alloy that will properly sustain the re- 
quired load should be used. 

Since there are appreciable differences among 
babbitts further data on these alloys is given in 
Table 3. Tin babbitts, such as No. 11, are used for 
corrosion resistance. Lower cost lead babbitts are 
used when corrosion is not a factor. No. 14 is the 
most popular lead alloy, but 13 is used where a 
softer alloy is desired, whereas 15 is preferred for 
higher load or longer life. 

Estimated relative load ratings of representative 
copper alloys are given in Table 4. Bronzes are 
high-load alloys restricted to low speeds or low 
relative movement under such loads. Leaded bronzes 
are general-purpose intermediate alloys used for 
a wide variety of applications under intermediate 
conditions. For higher speed applications the soft- 
er copper-leads are used. 

In terms of hours of operation in automotive 
engines, the life of the bearings is relatively short. 
Load ratings for such service under pounding loads 
are given in Table 5. 

Where bearings are expected to run for years 
rather than a few thousand hours, loads used as a 
basis for design are much lower. Typical load ca- 
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Fig. 1—Loss of load-carrying capacity of three 
bearing materials at elevated temperatures 
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Table 5—Load Capacities for 
Engine Bearings* 





Load Capacity 
(psi) 


Material 
Aluminum .. sececesseses 
Overlay on copper-lead .......... 
PP er 
Copper-lead 

Babbitt 


5000 
4000 
3000 
3000 
2000 


*Steel-backed main and connecting-rod bearings 





Table 6—Load Capacities of 
Electric Motor Bearings 


Load Capacity 
(psi) 


Material | 


Bronze .. Cathe be Cepeace 
Copper-lead on steel ............. 
Babbitt on steel ...........-55: 
Babbitt on bronze .. 

Sintered bronze .. 





pacities for various bearing constructions used for 
long life in electric motors are given in Table 6. 
Replacement is dependent on the wear rate, even 
though the materials are commonly rated in terms 
of load capacity. Low loads are used to avoid over- 
heating and the possibility of seizure. 


Temperature and Loads: Operating temperature 
of a bearing is the best single indication of the 
ability of the bearing to continue to run. Tem- 


Contemporary Design 


Engine Vacuum 


NGINE intake manifold vacuum is used to 

extend or retract a new automobile radio 
antenna. The antenna housing is a cylinder 
containing the piston on which the antenna 
proper rides. A diverting valve is used to 
connect intake manifold vacuum to either end 
of the cylinder and evacuate it, allowing air 
pressure to move the antenna in the desired 
direction. A push-pull knob on the automo- 
bile instrument panel controls the diverting 
valve. The antenna is a product of Pioneer 
Specialty Co. 

The diverting valve is composed of three 
zinc die castings: a cover, slide and body. All 
required ports, projections and depressions 
are cored in the die castings. Only finishing 
operations required are lapping, tapping two 
cored screw sections, and drilling one hole. 





Operates Auto Radio Antenna 

































perature measurements at the bearing back indicate 
that temperatures above 175 F are unsafe for elec- 
tric motor operation. If a bearing is flooded with 
oil, by forced feed, temperatures of 200 to 250 F 
can be maintained if the oil is changed with suf- 
ficient frequency to avoid sludge formation. Low- 
melting alloys lose in load capacity as the tem- 
perature is increased. A rough estimate of the loss 
in physical properties accompanying increased op- 
erating temperatures is shown in Fig. 1. 
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Fig. 2—Components of a traction fluid 
coupling are impeller, runner and casing. 
The casing is connected to and rotates 
with the impeller 


Fig. 1—Power transmitting me- 
dium in a fluid coupling is a vor- 
tex of fluid, most commonly oil. 
Kinetic energy imparted to the 
oil by the pump, or impeller, is 
transmitted to the turbine, or run- 
ner. Since energy transfer is the 
result of movement of the oil, 
fluid couplings are classified as 











hydrodynamic devices 











Basic Facts about 


FLUID 


By Ben Ragland, Manager, Hydraulic Coupling Div. 


‘OUPLING or connecting a power source or 
prime mover to a driven load is a common 
design problem. Fluid couplings, which are 

considered in this article, offer one of many alter- 
native solutions to this problem. Their character- 
istics will often do much to compensate for the 
undesirable characteristics of prime mover and 
load. 


Fundamentals: Power-transmitting medium in 
a fluid coupling is a vortex of oil which hydrody- 
namically connects impeller and runner, Fig. 1. 
For couplings of similar diameter, vortex size and 
circuit design, torque transmitting capacity varies 
as the square of the input speed, and horsepower 
transmitting capacity varies as the cube of the in- 
put speed. For fluid couplings of similar circuit 
design and vortex size rotating at the same speed, 
horsepower transmitting capacity varies as the 
fifth power of the diameter. 

Although fluid couplings can be used to provide 
speed and torque adjustment, they do not produce 
torque multiplication. Output torque is never more 
than input torque. This characteristic, together 
with speed adjustment, describes the most obvious 
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functional difference between a fluid coupling and 
a torque converter. 

Stall torque of a fluid coupling is the maximum 
torque which the coupling will continue to trans- 
mit for a given fill or vortex size when used with 
a given motor. Stall torque is usually expressed as 
a percentage of the drivemotor rated torque. 
Graphically, it is the intersection of the coupling 
torque - speed curve and the torque - speed curve 
of the motor. 

Fluid couplings can be classified according to 
type of fill, type of clutching action, or effect on 
output shaft rotation with constant input speed. 
Regardless of the method of classification used, 
fluid drives fall into two general categories, trac- 
tion types and adjustable-speed types. These terms 
will be used to differentiate the two. 


Traction Fluid Couplings 


Traction-type fluid couplings consist basically of 
impeller, runner and an outer casing, Fig. 2. The 
input shaft connects to the impeller, the output 
shaft to the runner. The casing which surrounds 
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the runner is connected to and rotates with the 
impeller, forming a sealed unit for retention of the 40 r 
hydraulic fluid. Cooling is by external radiation Legs! 
only; no supplementary cooling equipment is 120+ — “ 
normally used, except on large capacity units. * 
In a traction fluid coupling, the vortex which i 100 
transmits power from the impeller to the runner a ae 
is nonadjustable during operation. Relation of 5 g0 + 
input speed to output speed and acceleration char- S 
acteristics are, therefore, also nonadjustable = 60 a 
during operation. 2 = 
Traction couplings are commonly used with gen- a 
eral purpose ac motors in constant-speed applica- 3 On 
i tions. They are most generally used to protect o- 
drive motors and driven machinery from the ad- J 
verse effects of possible shock loads, torsional vi- “rT 
bration and excessive torque. They also simplify a ae D 3 
starting of high inertia loads when used with gen- Extent of Fill 
eral purpose ac motors. Fig. 4—Degree of fill of a fluid coupling 





One very important function of a traction fluid 
coupling is its ability to limit the amount of torque 
being transmitted. The degree of this limitation is 
determined by initial filling and the internal de- 
sign of the coupling itself. This ability to limit 
torque from the driving motor to the driven ma- 
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also has a marked effect upon oil tempera- 
ture at constant input speed. If fill is to be 
less than optimum in order to control speed 
ratio or acceleration characteristics, heat ex- 
changers will be necessary in many instances 
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Fig. 5—A load ring will delay and deform 
the vortex in a fluid coupling at a given torque 
and cause the coupling to stall 


chine gives the traction drive the properties of a 
shear pin. The coupling can perform the shear 
pin function repeatedly without the need of replace- 
ment or adjustment. 

Although the traction fluid coupling is not gen- 
erally considered as a device for controlling speed 
or acceleration, it can be used effectively for both 
in installations where these requirements are fair- 
ly constant and can be handled within the definite 
limits of the traction unit. Ratio of input speed 
to output speed for a traction drive can be altered 
by varying circuit design or by changing the 
amount of oil in the circuit which, in turn, changes 
the size of the power transmitting vortex. This 
cannot be done, however, during operation, Fig. 3. 

The degree of variation in speed ratio and ac- 
celeration characteristics which can be achieved 
with a given traction fluid drive by reducing the 
amount of fill is limited by the amount of addi- 
tional heat generated as a result of the increase 
in slippage introduced, Fig. 4. Where specified 
speed or acceleration characteristics for a given 
application require a filling which may produce 
an undesirable operating temperature, a traction 
fluid drive should not be used. 

Traction type fluid couplings can be obtained in 
standard designs for use with motors rated from 
%-hp to 200 hp. Special designs have been de- 
veloped for applications involving ratings as high 
as 350 hp. 

Stall torque at optimum filling is designed into 
a traction unit. One device used to control stall 
torque is the load ring, Fig. 5, or baffle mounted 
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at the inner diameter of the runner. This ring is 
designed to delay and deform the vortex at a given 
torque, thus causing the coupling to stall. Dif- 
ferent stall torques can be established for a trac- 
tion fluid drive of the same size and design by vary- 
ing the diameter of the load ring. Where a load 
ring is used, the fluid drive and motor torque— 
speed curves intersect at points of high motor 
speed and low current requirements, Fig. 6. This 
means that a squirrel cage motor is permitted to 
reach the safe side of its torque curve before 
putting the load into motion. 


Adjustable-Speed Fluid Couplings 


Adjustable-speed fluid drives contain the same 
basic elements as the traction type but have in ad- 
dition an extra casing, a scoop tube and a cir- 
culating pump, Fig. 7. 

Size of the vortex in an adjustable-speed fluid 
drive can be varied during any cycle of its opera- 
tion, from no-load to full-load speed on the out- 
put shaft, to vary the output to input speed ratio 
and control the acceleration characteristics of the 
coupling. During periods of high-slip operation, 
when the vortex is small, excessive heating would 
result were the adjustable-speed fluid drive to rely 
on external radiation to cool the oil as is required 
with the traction type. Proper oil temperature is 
maintained by use of a supplementary oil cooler 
through which the oil is constantly circulated 
during coupling operation. Air type or water type 
oil coolers can be used. 

Adjustable-speed fluid drives permit the use of 





Many power-transmission devices 
for adjusting speed when a relative- 
ly fixed-speed prime mover is used 
are available to the designer. Arti- 
cles dealing with electrical, mechani- 
cal and hydrostatic devices have ap- 
peared in recent issues of MACHINE 
DESIGN. Another of the various de- 
vices available—the hydrodynamic 
adjustable-speed transmission or 
adjustable-speed fluid coupling—is 
discussed in this article along with 
fixed-speed couplings. Kinetic en- 
ergy of oil in motion serves as the 
power-transmitting medium in these 
fluid couplings rather than the en- 
ergy of fluid under pressure as in 
the hydrostatic transmission. 
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general purpose ac motors in applications requiring FLUID COUPLINGS 


variations in operating speed and duplicate the 
function of traction fluid drives in protecting drive 
motors and driven machinery from shock loads, 
torsional vibration and excessive torque. Addi- 
tionally, as a result of their adjustable-speed 
characteristics, they offer: _ 





be varied in an adjustable-speed fluid drive during 
operation. Thus, this type of coupling can be con- 
trolled to meet any specific load requirement with- 





ies Motor current 


1. Adjustable, stepless speed control for a wide vari- Me 
ety of speeds and horsepowers. Where a re- \ 
versible, single-speed electric drive motor is used, 
the fluid drive and load can be reversed while in 
motion by merely changing motor rotation. 

- Motor starting and acceleration under virtual no- 
load conditions. This allows design simplification 
in selection of motors and starting equipment for 
heavy starting loads. Across-the-line starting is 
practical in many cases, even on high inertia 

| loads. 

3. Automatic acceleration control through regulation 
of the rate of movement of the speed control 
lever or scoop tube positioning rod. 
4. Declutching of load from motor at any time 
during any cycle operation. 
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Adjustable-speed fluid drives can be obtained 
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in standard designs with ratings of 1 to 5000 hp. 
Special designs have been built for use with motors 
rated as high as 12,000 hp. Direction of input 
rotation may be either clockwise or counterclock- 
wise in certain sizes. Dual rotation is available in 
sizes to 800 hp. 

Vortex size and, consequently, stall torque can 


Motor Speed (rpm) 


Fig. 6—How various load ring sizes may be used to 

regulate stall torque of a traction fluid coupling. In- 

tersection of the torque curves of the motor and fluid 

coupling is the stall — Projection of the stall 

point downward to the motor-current curve gives 
motor current at stall point 





Typical Fluid Coupling Applications 





——Application—— —Fluid Coupling Used— ——Application—— 
Traction 


—Fluid Coupling Used— 


——Application——- —Fluid Coupling Used— 
Traction Adj. Speed 











Adj. Speed Traction Adj. Speed 
Aircraft Industry Equipment Peelers x Mill Supply Fans x 
Carburetor Blowers x Saws x x Rotary Driers x 
Engine Testing x Winches x 
Hanger Door Drives x Process Machinery 
Parachute Test Power x Metal Working Machinery Centrifugals x 
Wind Tunnel Fans x Coilers x Grain Grinders x 
Drawbenches x x Mixers x x 
Chemical Process Machinery Forging Presses XY Steel Wool Machines x 
| Agitators x x Square Shears x Steeping Presses x 
i Centrifugal Pumps x 
| Compressors x x Mining and Smelting Equipment Pumps and Compressors 
Crushers x Ball Mills x x Boiler Feed x 
Extruders x Centrifugal Pump x Refrigeration x 
High Pressure Reciprocating Crusher (Rotary) x Sand Pumps x 
pumps x Crushers x Slurry Pumps x 
Homogenizers x Mine Hoists x x Turbo-blowers x 
Rotary Driers x Rotary Kilns x Water Supply x 
Oenveyers Scraper Hoists = = Rubber Making Machinery 
Apron x x Oil Field and Refinery Equipment Extruders x x 
Bucket x x Agitators x x Suan On = = - 
Chain x x Compressors x Wind Saveyers = = 
———, - x x Fan Drive x ncers x 
otary o x x Fin Fan Cooling Unit x Steel Mill Equipment 
Screw = = Generator x Coles x | 
Cranes Oil Drill Rigs x x Cranes x 
Overhead Travelling x x Vane Type Rotary Pump - Furnace Chargers x 
Rolling Mills x x 
Fans and Blowers Paper Mill Machinery Slitters z = 
Fan Drive (General) x Black Liquor Pump x Tumbling Barrels x 
Fresh Air Supply x Calender (Friction) x 
Fume Exhaust x Centrifugal Pump x Textile Machinery 
Material Handling x. Coaters x Calenders x 
Pressure Blowers x Cutters x Extractors x 
Slitters x Spinning Frames x 
Glass Products Stock Pump x Winders x 
Forming Material Fan x Waxers x 
Gravel Pumps x Winches and Hoists 
Tank Cooling Fans x Plastics Machinery Barge Pullers x 
Ventilating Fans x Extruders x Car Pullers x 
Waste Liquor Pumps x High Pressure Reciprocating Mine Hoists x x 
Industrial Refrigeration Equipment Pumpe " Trawler Winches - . 
Compressor x Power Piant Equipment Wire Rope and Cable Machinery 
Labora = Boiler Feed Pumps x Cablers x 
a and Ghap Sst x Centrifugal Pumps x Rope Machinery x 
Condensate Pumps x Rubber Forcing x 
Logging and Lumber Mill Forced Draft Fans x Stranders x 
Machinery Induced Draft Fans x Wire Drawing x 
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; Fig. 7—Output speed 
a 'Nput shoft of an adjustable-speed 
fluid coupling is ad- 


ns ee justed by regulating 
the amount of oil in 

the vortex with a 

a scoop tube. In the 
~ cooler fluid coupling shown, 
the scoop-tube adjust- 
ing mechanism is a 
sliding type actuated 
by a push-pull control 
rod. The circulating 
pump is used to sup- 
ply a constant volume 
of oil to the fluid 

coupling 
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Fig. 8—Three basic vortex control arrangements are commonly used with adjust- 
chloapacd fluid couplings. A ea reservoir may serve to circulate the oil with 
vortex size determined by position of an adjustable y tte Ss 4; a two-direction 
Pane stay Be want te conteal the socal emount of off in coupling, 4, or a circu- 

ting pump may be used with vortex size controlled by an adjustable scoop tube, ¢ 
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in its range. In the adjustable-speed fluid drive, 
vortex control is used to obtain the variation in 
output characteristics necessary to satisfy load 
requirements. 

Vortex control is achieved with a scoop tube 
which removes oil from the vortex area. Three 
basic arrangements, Fig. 8, are commonly used: 


FLUID COUPLINGS 





design, the two-direction pump determines the 
size of the working vortex. The scoop tube is 
merely the inlet through which oil is withdrawn 
from the housing by the pump. Fluid is constant- 
ly circulated through the external circuit of which 





(1) rotating reservoir and adjustable scoop tube; 
(2) fixed reservoir, fixed scoop tube and two-di- 
rection pump; and (3) fixed reservoir, adjustable 
scoop tube and single-direction pump. The latter 
arrangement is most widely used. Where an ad- 
justable scoop tube is used, it may be positioned 
by either a rotating or a sliding mechanism. 





Least oi! 


In the first arrangement, the reservoir itself 
acts as a pump causing flow through the scoop 
tube. The nearer the scoop tube opening is placed 
to the major diameter of the reservoir, the larger 
the vortex becomes. A continuous flow is main- 
tained by constantly bleeding, through metering 
holes in the inner casing, a measured quantity of 
oil which passes into the rotating reservoir, 
through the scoop tube into the external oil cooler, 5 a ae ae ae 100 
and back into the working circuit. This serves to Output Speed (per cent) 
control oil temperature in addition to providing 
a “live” control of vortex size. 

In the second arrangement the stationary scoop 
tube is positioned for maximum vortex. With this 


Time 


eee 


Most oil 





Fig. 9—Performance curves for a typical adjust- 

able-speed fluid coupling show how variations 

in fill affect acceleration characteristics. Input 
speed is constant 





Table 1—Traction Fluid Coupling Selection Data 





——Coupling a ; Power Rating (hp) At Various Speeds (rpm) 











if 


oD Length Weight 
(in.) (in.) (ib) 1750 1620* 1450 1170 1080° 970 870 810° 720 690 585 
13% 9 67 20to30 15te25 15te20 7% to 10 5 to 7% 5 3 2te3 
14% 9 83 40to50 30to40 25 te 30 15 10 to 15 7% to 10 5 to ™% 5 
16% 9% 102 60to75 50to60 40to50 20t030 20 to 25 15 10 7% to 10 
17% 10}3 125 100 60to75 40te050 30t040 20te25 15 to 20 15 
19% 10}3 150 150 100 60to%  50to60 30t040 25to30 20 to 25 
215 12% 180 150 100 75 50 to60 40t050 30 to 40 
2244 12}} 210 125 to 150 15 60 50 to 60 30 to 40 30 
25% 154, 290 200 100 to 150 75 to 125 15 50 to 75 40 to 60 
150 to 200 100 to 125 75 to 125 60 to 75 


28% 18% 420 200 





*Full load speed of high-slip motor. 

Horsepower ratings in light face type are such that 
oil temperatures may exceed prescribed limits when load 
and duty cycles are adverse. 





Table 2—Adjustable-Speed Fluid Coupling Selection Data 


Coupling and Housing Size 

















Power Speed Length Width Height Weight Slip Oil Flow Control Force 
(hp) (rpm) (in.) (in.) (in. ) (Ib) (%) (gpm) (Ib) 
800 1800 50% 45 49 4650 2% 39 110 
800 1200 53 45 49 5825 3% 34 90 
800 1200 57% 50 54 7400 1% 51 105 
800 900 64 57 62 9300 2 80 95 
800 720 74% 66 71 11460 1% 125 90 
800 600 74% 66 71 11460 3 125 80 
900 1800 50% 45 49 4650 2% 39 110 
900 1200 57% 50 54 7400 2 51 105 
900 900 64° 57 62 9300 2% 80 95 
900 720 74% 66 71 11460 2 125 90 
900 600 74% 66 71 11460 3% 125 80 
1100 1200 57% 50 54 7400 2% 51 105 
1000 900 64 57 62 9300 2% 80 95 
1000 720 74% 66 71 11460 2% 125 90 
1000 600 74% 66 71 11460 2% 125 80 
1000 600 82 76 83 14900 2 195 85 
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the external oil cooler is a part. 

In the third system, a constant volume of oil is 
pumped through the external oil cooler into the 
working circuit by a single-direction pump. At the 
same time, oil is metered back to the tank by the 
scoop tube. The position of the scoop tube in this 
arrangement has the reverse effect of that of the 
first system. The nearer the scoop tube tip is posi- 
tioned to the major housing diameter, the smaller 
the vortex becomes. 


Fluid Coupling Performance 


Fluid coupling performance is determined by 
the hydraulic circuit design which establishes the 
manner in which flow control is achieved within 
the coupling. Circuit design includes the type and 
size of stall torque control element selected. 
The design of the circuit and the degree to which 
the coupling is filled are the two factors which 
establish speed, acceleration and stall character- 
istics. 

An important factor in some installations is 
the time required to bring a load up to speed 
without overloading the drive motor. For a fluid 
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Fig. 11 — Packaged 
traction coupling 
units, in which the 
driving motor mounts 
on the coupling hous- 
ing, are very compact. 
Units of this type are 
available with maxi- 
mum output of 20 hp 


drive of a given diameter and fill, acceleration 
time will vary with the flywheel effect of the load 
and the minimum slip of the coupling. 


Effect of Slip: Slip is a measure of fluid coup- 
ling efficiency while operating under load. It is 
the difference in speed between coupling input 
and output, and is expressed as a percentage. If 
slip is 5 per cent, for example, the output shaft is 
rotating at 95 per cent of input shaft speed. 

Minimum slip in a given fluid drive is governed 
by the amount of filling, the design of the hy- 
draulic circuit and the maximum horsepower and 
speed required by the load. Minimum slip is a 
function of circuit size for a given load and speed. 

A fluid drive with too little minimum slip gener- 
ally results in a “hard” coupling action. When slip 
is increased “softer” coupling action results. Opti- 
mum minimum slip for a coupling of a given size 
and circuit design is generally determined by the 
normal duty requirements of the drive motor with 
which the coupling is to be used. 

Because slip is required to transmit power with 
a fluid drive, the impeller will rotate faster than 
the runner even at optimum filling and maximum 
output speed. As Table 2 shows, minimum slip 
varies with horsepower and speed. Where minimum 
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slip is 3 per cent, for example, output speed is 97 
per cent of input speed. 

Minimum slip for a particular application takes 
effect only when the unit is operating under full 
vortex conditions. For all other intermediate fill 
conditions, slip will be greater than minimum for 
the same load. This will affect acceleration char- 
acteristics as shown in Fig. 9. 


Fluid Coupling Selection 


Selection of the correct fluid drive size for a 
given application is a relatively simple matter. 
Tables 2 and 3 show portions of the type of selec- 
tion data generally available from fluid drive 
manufacturers. Selection from these tables re- 
quires only horsepower and speed ratings of the 
motor with which the fluid drive is to be used. 

Where an adjustable-speed fluid drive is to be 
used, the type of control used to adjust the fill is 
not a factor in selection of the fluid drive itself, 
but is an important consideration in the perform- 


Fig. 12—Some mounti 
with adjustabl 


and chain drives with moderate speed and power. 
ounting the motor atop the 
eo = better satisfy space requirements in some instances 

various may be used to connect the output shaft and load 
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ance and design of the overall machine drive. The 
method chosen will be determined by such factors 
as economic limitations, desired speed of response, 
duty cycle and availability of actuating media 
such as compressed air, hydraulic fluid or elec- 
tricity. 

Adjustable-speed fluid drives are available with 
either lever or handwheel control for scoop tube 
positioning. The handwheel permits fine adjust- 
ment with manual control but is not used where 





Table 3—Maximum Ratings for 
Overhung Belt Loads 





Speed, max Power, max Number and Belt Pull 

(rpm) (hp) Size of Belts (Ib) 
1200 10 4—B 290 
1200 15 6—B 435 
900 20 4—C 485 
1200 30 5—C 525 
900 30 6—C 725 

900 50 5—D 840 

720 50 6—D 1000 

900 60 5—D 1000 





and coupling arrangements commonly used 
fluid matings. Arrangement a is. for use with belt 


t 6 is used 
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A hub-mounted trac- 
tion fluid coupling is 
used in this shear 
drive to prevent mo- 
tor overloads during 
starting and provide 
closer control during 
jegging or inching. 
The fluid coupling al- 
so absorbs sudden 
overloads and pre- 
vents motor stall dur- 
ing the shock cycle 
of shear operation. 


sl hg de 
hall it. 


—_ 

















May 3, 1956 


115 








FUND COUPLINGS _ 





automatic control is required. The lever control 
is readily adapted to almost any type of automatic 
control device. Among the data normally provided 
by adjustable-speed fluid drive manufacturers is 
the force required to move the speed control rod, 
Table 2. This information, too, will be a factor 
in determining the control size to be used. 


Mounting Arrangements 


Traction Fluid Couplings: Several mounting ar- 
rangements are commonly used with traction type 
fluid drives, Fig. 10. Hub mounting of a traction 
unit directly on the shaft of an electric motor, 
Fig. 10a, possesses the inherent advantages of 
minimum space requirements and ease of assem- 
bly. Even greater compactness on a given founda- 
tion or base is possible with a so called packaged 
unit, Fig. 11. Packaged traction fluid drives are 
available in sizes up to 20 hp rated capacity. 

Direct drive from the fluid drive to the driven 
machine is provided by certain mounting arrange- 
ments, Figs. 10a and b. With close coupled arrange- 
ment, Fig. 10a, a piloted type flexible coupling con- 
nects the output shaft to the driven machine. The 
output shaft is thus supported as a floating shaft 
between the driven machine and the internal pilot 
bearing of the fluid drive. With the output shaft 
supported by a pillow block bearing, Fig. 10b, a 
full flexible coupling is required to connect to the 
driven machine. 

A light-duty belt or chain drive, Fig. 10c, has 
the pulley overhung on the runner shaft. In this 
case, the belt or chain pull reacts on the motor 
shaft through the internal pilot bearing of the 


fluid drive. Therefore, it is desirable to have the 
pulley overhang as short as possible. Maximum 
belt or chain pull permissible with this mounting 
is a function of not only the power rating of the 
fluid drive but of the speed of rotation and number 
and size of belts as well, Table 3. 

Heavy-duty belt or chain drives, Fig. 10d, use 
two outboard bearings supporting a pulley shaft. 
This arrangement avoids belt reaction on the 
motor shaft and is recommended for all heavy-duty 
drives. 


Adjustable-Speed Fluid Couplings: Standard 
mounting arrangements, Fig. 12, are generally 
used for adjustable-speed fluid drives. Direct con- 
nection to the motor, Fig. 12a, through a flexible 
coupling permits direct drive from the fluid drive 
output shaft through another full flexible coupling. 
This arrangement is most widely used because of 
its simplicity and minimum space requirement. It 
can also be used with sheave or sprocket for belt 
or chain drives involving moderate speeds and 
powers. 

For belt or chain drive applications involving 
higher speeds and greater powers, two pillow 
blocks are used to support the output jack- 
shaft, Fig. 12b. Another method, Fig. 12c, has 
the motor separately mounted, driving the fluid 
drive by means of belts. From the output shaft, 
direct drive through a full flexible coupling or belt 
or chain drive from a sheave or sprocket can be 
accomplished. Belt pull and relative size of mo- 
tor to fluid drive are limiting factors in the use 
of this mounting method. 

Shaft alignment between fluid drive and driven 
machine in direct drive installations is a major 
consideration, which in packaged units is greatly 
simplified through use of flexible couplings. Shaft 
diameters, extensions and keyways conform to 
accepted standards for industrial machinery. 











in a ball mill drive, a 
traction fluid coup- 
ling reduces the peak 
current demand of 
the 150-hp drive mo- 
tor by more than 
1000 amperes during 
starting. 
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Curves simplify 


Involute Gear-Tooth Layout | 


for strength calculations 


By Harold M. Durham 
Pittsburgh 


O EXPLOIT full use of involute gear teeth, 

special tooth proportions may be required 

at times. Since strength factors are not 
available, enlarged layouts of the teeth are gen- 
erally necessary for analysis of strength. 

One common method of making an involute lay- 
out consists of drawing successive tangents to the 
base circle and connecting the end points. Other 
methods involve the use of templates. A mathe- 
matical method for finding involute gear tooth 
constants uses polar co-ordinates (MACHINE DE- 
SIGN, Sept. 1955, Page 211). 

Presented here is a simplified method of mak- 
ing an enlarged involute layout using a set of pre- 


Nomenclature 





a= Addendum, in. 
b = Dedendum, in. 
ce = Clearance, min., in. 
D, = Pitch diameter, in. 
4a = Long addendum minus standard addendum, 
in. 
h Height of beam (from critical section to 
point of load application), in. 
N = Number of teeth 
P = Diametral pitch 
p = Circular pitch, in. 
¢ = Pressure angle, deg 
r = Fillet radius 
S = Scale factor 
s = Stress in tooth, psi 
t, = Tooth thickness at base circle, in. 
t. = Tooth thickness at pitch circie, in. 
w Load, Ib 
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drawn curves, Fig. 1. These curves have been 
drawn for a group of representative base circle 
radii. Graphic conversion of the profile from 
these “standard” radii to the actual base radius 
desired is a simple matter. 

After drawing the given gear constants on a 
sheet of tracing paper, the designer may, by proper 
manipulation of the involute curves, trace the 
tooth outline. Actual use of the system can best 
be demonstrated by an example. 

Assume a special long addendum pinion of the 
dimensions D, = 5 in., P = 4, N = 20, ¢ = 1.2/P 
—0.3, b = 0.7/P = 0.175, pressure angle ¢ = 20 
deg, W = 1000 lb. The base circle diameter = D, 
cos @¢ = 5(0.939) = 4.68 in. 

Next find the scale factor 8S. Assume the 10-in. 
base radius circle, Fig. 1, will be used. Then 
S = 10/2.34 = 4.27. If 4.27 is sufficient enlarge- 
ment, the constants may be calculated to the en- 
larged scale. Multiplying a and b by 4.27 gives 
a 1.28 and b = 0.747 for the layout. Clearance 
c (0.3/P) 4.27 0.321. Fillet radius c 
0.321. Pitch diameter is 21.35 in. 

Use tracing paper on which to draw the layout. 
First draw an are representing the base circle at 
the 10-in. radius and another representing the 
pitch circle of 10.67 in. radius. Calculate tooth 
thickness from 


tp 8 [ (Aa) 2 tan | 
a 
Then 

t 1.27 [ vd ( se a Jat 20 d | 
» = 4.27 + - an e 
. s 4 4 . 

4.27 [0.3927 + 0.1 (0.728) | 

4.27 (0.4655) 

1.988 in. 


Derivation of the equation for t, is by com- 
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INVOLUTE GEAR-TOOTH LAYOUT 








parison of the involute profile with a standard 
rack. 

After marking the points corresponding to the 
tooth thickness on the pitch circle, lay the tracing 
paper over the standard involute curves, Fig. 1. 
Let the arc representing the base circle coincide 
with the 10-in. radius base circle, and the point 
representing one limit of tooth thickness lie on 
the standard involute curve. Trace the involute 
curve. 

Flip the tracing paper over and trace the other 
tooth face (mirror image) on the opposite side of 
the paper. Draw the fillets, root circle and ad- 
dendum circle, Fig. 2, using the previously calcu- 
lated constants. 

Although this example illustrates use of the 
method for laying out a special long addendum 
tooth, it may be applied as well to any involute 
profile. 


Beam strength may be easily computed from the 
full-size layout, Fig. 2, by merely scaling off the 
necessary dimensions. For example, with a load 
W of 1000 lb, find s from 


6 Wh 


t,? 





8s 


From Fig. 2, h = 1.65 in.; t = 2.15 in. After 
dividing each of the quantities by the scale factor, 
6 Wh 

s = 4.27 
ty? 
6 (1000) (1.65) 
(2.15)2 





= 4.27 





= 9189 psi 


Suitable velocity and fillet stress concentration 
factors may be used for more exact calculations. 





Fig- 1—Below—Reference involute curves 
drawn for five representative base radii 


Pitch line 
| 


A. + 


' Radial 





Load line at tip 











Addendum 
= 1.65 in. 
























b 
t Dedendum 
pe ‘ : a — on 
me laewe = ~~ ae 
Base circle «——_ f, = 2.15 in. 
Fig. 2 — Involute tooth profile drawn 
from the 10-in. base radius curve. Values 
Base circle — for strength calculations are measured 
directly from the drawing 
10 inches 
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Recognizing and developing 
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DESIGN 
BSTRACTS: 





Creative Potential 


yo cannot tell, by examining 

the end product, whether it 
was obtained by means of creative 
activity or by means of more pro- 
saic, routine methods, or even by 
pure chance. And, you cannot 
tell, by looking at the types of 
problems that men set for them- 
selves, whether they are creative 
or noncreative. The great scien- 
tists of the past and the present 
are great because they attacked 





“. . . all men are born 
with a very definite .. . 
potential for creative ac- 
tivity.”’ 





their analytical problem with great 
daring and imagination. The hy- 
potheses they proposed, and the 
tests they devised to verify these 
hypotheses, were conceived with 
bold, sensitive, flexible, novel 
thinking. Unfortunately, it is also 
possible to arrive at satisfactory 
answers to the multisolutional, 
creative type of problem by ex- 
tremely prosaic, nonimaginative, 
noncreative means. 


Creative Potential: My effort, 
for the last few years, to help my- 
self and others realize to the full 
their own creative potential, is 
based on four hypotheses. First, 
all men are born with a very defi- 
nite, though limited, potential for 
creative work. Second, this poten- 
tial is at least partially independ- 
ent of any other mental potential 
we may inherit. The third hy- 
potheses is that the creative proc- 
ess in itself is unique. It is the 
same whether it expresses itself 
in art, music, poetry, business, en- 
gineering, or in housekeeping. The 
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fourth hypothesis is that creative 
potential can be realized through 
training and exercise, just as the 
development of our full capabili- 
ties along analytical lines can be 
obtained. 


Attributes of the Creative Indi- 
vidual: Now, what are some of 
the attributes that define or de- 
scribe the creative individual? In 
general, they fall into two cate- 
gories—mental and emotional. The 
creative person is more “sensitive 
to problems” than the noncreative 
person. He can see need areas 
that require attention long before 
the less sensitive person. He not 
only has the ability, but he enjoys 
searching in the dark areas and 
leaves the work in the well-lighted 
places to his less imaginative 





sé 


. . creative potential 
can be realized through 
training and exercise .. .”’ 





brethren. He has developed a 
constantly questioning attitude, a 
healthy skepticism, rather than a 
complacent acceptance. The ques- 
tions he asks and the problems he 
poses for himself are stated in such 
a way that they do not limit or 
confine his thinking or actions. 
Correct problem statement is basic 
to succesful creative activity. In- 
correct problem statement can pre- 
condition the thinking and pre- 
clude desirable solutions. It also 
can have a tremendously inhibit- 
ing effect on three other mental 
attributes: fluency, flexibility and 
originality. 


Fluency of Thought: The crea- 
tive person is more fluent in his 


thinking than the noncreative per- 
son. He has more ideas per unit 
time than others. Obviously, they 
are not all good ideas. But when 
he completes his list of alterna- 
tives, the probability is very high 
that there will be one or more 
ideas that are novel and that will 
solve his problem better. While 
it is very doubtful that quantity 
breeds quality, my experience has 
been that those who have lots of 
ideas, usually have the best ones. 

Evaluation must be restrained 
temporarily while one is thinking 
up hypotheses or ideas and, in the 
same way, the limitations of the 
problem should be temporarily for- 
gotten. This applies to economic 
limitations just as is does to me- 
chanical feasibility or to the 
adaptability of man or machine. 
Fluency then, ties in with correct 
problem statement. But even with 
a highly restrictive problem state- 
ment, fluency can be obtained if 
the limitations are relaxed for a 
short period of time. 


Flexibility of Thought: Flexi- 
bility of thinking reflects itself in 
the wide variety of approaches 





“Correct problem state- 
ment is basic to successful 
creative activity.” 





that the creative person chooses 
to investigate. The noncreative 
person’s past experience provides 
him with a comfortable little rut 
in which to operate, and he has 
great difficulty getting out of that 
groove. 

One of the worst examples of 
rigidity of thinking that I see as 
I go around and talk to and work 
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with various industrial groups is 
the way in which they limit the 
design and research activity to 
only one or two of the four broad 
areas in which design activity can 
take place. Products or machines 
can be improved by increasing 





“Evaluation must be re- 
strained temporarily while 
one is thinking up hypo- 
theses or ideas .. .” 





their function, by making the item 
do more than it did before, or by 
making it accomplish its prime 
purpose by an entirely new ap- 
proach. The performance level of 
a product can be raised by mak- 
ing the product longer lived, more 
reliable, more accurate, safer and 
more convenient to use, and easier 
to repair and maintain. The cost 
may be lowered by eliminating ex- 
cess parts, substitution of cheaper 
materials, cheaper and more effi- 
cient manufacturing methods, de- 
signing for convenience of assem- 
bly, designing to reduce hand labor 
or for complete automation. Last, 
products can be improved by de- 
signing for increased salability, 
that is, improving the appearance 
by making the product, its pack- 
age and its point of sale more at- 
tractive, and by having a better 
appreciation of public wants. 


Originality: The creative per- 
son thinks of more unusual, more 
unique solutions to problems than 
the noncreative person. He ap- 
parently has the ability to asso- 
ciate rather wide and seemingly 
unrelated ideas and _ synthesize 
them into a new, unusual solution. 
He has the ability to penetrate 
very deeply to remote regions. He 
can break down the seemingly nat- 
ural boundaries within his own 
mind, so that his experience, in- 
stead of being pigeon-holed, is 
completely and carefully cross ref- 
erenced. The creative person, then, 
is more sensitive to problems, he 
is more fluent and flexible in his 
thinking, and he is more original 
in the solutions he arrives at. We 
might say, he is better able to 
question, observe, associate and 
predict. 
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Emotional Attributes: The 
mental attributes listed are neces- 
sary, but not sufficient to the crea- 
tive personality. Along with them 
there are a number of emotional 
attributes that many, I am sure, 
would list as primary rather than 
secondary. First of all, a man 
must be motivated before he will 
begin to attempt to solve any kind 
of problem, analytical or creative. 
We have ample evidence that over- 
motivation is extremely disastrous, 
in that it inhibits creative activity, 
but I am afraid that more of us 
suffer from under - motivation 
rather than over-motivation. Pas- 
sivity is probably the original sin, 
and initiative is what most of us 
lack, for once into a problem, most 
of us can generate enough inter- 





“Creating . . . also in- 
volves destroying ...4a 
present, possibly adequate 
solution.” 





est to keep us going until the prob- 
lem is solved. 

Willingness to take a chance, to 
gamble, may be another form of 
initiative. But it is an important 
aspect of the creative person’s per- 
sonality. The creative person has 





“a 


. . + progress is made 
through failure as well as 
through success.” 





to be daring. He has to be a lead- 
er in his group for society, and 
he must constantly take calculat- 
ed risks in his attempt to find bet- 
ter solutions to the problems that 
face mankind. He cannot stick to 
the safe, the tried and true, the 
prosaic approaches, and he must 
pioneer in new areas in a very 
daring fashion. Creating, unfor- 
tunately, also involves destroying. 
The man who is seeking a new, 
better solution to an old problem 
is doing so, in part, because he 
wants to destroy a present, pos- 
sibly adequate solution. 

Properly motivated and willing 
to take a chance, the creative 
worker must, in addition, have 
self-confidence in his own ability 
to come up with a new and better 
solution. This is an extremely im- 





portant emotional attribute and 
can only be developed through ex- 
perience and exercise. It has been 
said that nothing breeds success 
like success, and this is probably 
true, but the corollary that failure 
breeds failure need not be true. If, 
through continued application, 
failures can be corrected, high or- 
ders of self-confidence can be de- 
veloped. Actually, the fear of 
making a mistake is a very devas- 
tating emotional block to creative 
activity. People should realize 
that progress is made through 
failure as well as through success. 
I have had better success in train- 
ing creative designers by helping 
them develop this spirit of self- 
confidence than I have in imbuing 
them with special design tech- 
niques or tricks of the trade. 

The last emotional attribute I 
will mention here is drive. Many 
people have indicated that they 
feel that this is the prime requisite 
of all creative workers. Edison, 
for example, has said that inven- 
tion is 10 per cent inspiration and 
90 per cent perspiration. I am 
not sure that he has the percent- 
ages accurately distributed, but I 
do know that there is a great deal 
of work associated with the pol- 
ishing and repolishing of an idea 
before it becomes an acceptable, 
tangible result. 


Developing Creative Potential: 
The steps in the creative process 
have been listed as: question, ob- 
serve, associate, and predict. And 
that last term, predict, covers a 
multitude of concepts, for it in- 
cludes not only communicating 
your ideas to someone else, but 
communicating them in a tangible 
form which requires initiative, 
daring, self-confidence, and tre- 
mendous drive. Many of the best 





“The creative person... 
is better able to question, 
observe, associate and 
predict.” 





ideas had to be sold under ex- 
tremely unfavorable conditions, 
and this is no easy job. To do it 
requires faith, not only in your- 
self, but also in the worthwhile- 
ness of your project. Keen anal- 
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* Toughness * Wear resistance 
* Strength * Machinability 
* Heat-treatability * Economy 


Heavy duty ore crushing machinery is subjected to severe alloy manganese-Molybdenum steel castings. At left: 
operating conditions. To meet these strenuous require- a Symons Gyratory Crusher gear; right: a Symons Cone 
ments the gears shown are made from heat treated low- Crusher gear. Built by Nordberg Mfg. Co. 


Cast Manganese Moly Steel contributes strength 
and toughness to Crushers built by Nordberg 


“Where high strength and toughness are prime considera- 
tions,” says Howard Zoerb, Consulting Engineer of the 
Nordberg Crusher Division, “molybdenum bearing steels are 
specified. This is true of the heavy duty parts of Symons® 
Crushers, built by Nordberg. These steels have contributed 
to the Nordberg reputation as producers of dependable, 


heavy duty crushing machinery.” 


Technical assistance is available to foundries on alloy- 
ing problems. Please address inquiries on your foundry 
letterhead to: Climax Molybdenum Company, Depart- 


ment MF11, 500 Fifth Avenue, New York 36, New The Semone Cone Ganhaciiaieaaial 
York. of Nordberg Manufacturing Company. 


CLIMAX MOLYBDENUM 
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ysis, keen judgment, help provide 
and bolster this faith, and so they 
are as essential to this phase as 
they are to the idea-getting phase. 

Check lists and attribute list- 
ings are useful in increasing our 
powers of observation, and also in 
association. Reading and experi- 
menting in a number of different 
fields increases the sum total of 
experience on which we can draw 
when we wish to bring together 
these new patterns and configura- 
tions that better solve some need 
of man. Continual exercise of 
these powers is absolutely neces- 
sary, and we should try to solve 
every problem, when time permits, 
in as creative and imaginative a 
fashion as we possibly can, listing 
all alternatives, and then trying 
to select the best one. And, of 
course, we should all try to be- 


come aware of any or all of the 
blocks that may be inhibiting and 
preventing our most effective crea- 
tive work.* 


Helping Others Develop Creative 
Potential: What can you do to 
help others realize their creative 
potential and exercise it for the 
good of man? The management 
of creative personnel is a very 
complex problem, and, _ unfor- 
tunately, little concrete evidence is 
available to guide us. I do be- 
lieve, however, that management 
has five responsibilities to the crea- 
tive person. It must stimulate, 
encourage, assist, recognize and 
reward the creative person in or- 
der that he be most productive, 
though it is difficult to lay down 
any general rules for doing any 
one of these things and having 


*J. E. Arnold—‘‘Personal Development.’ 
MACHINE DESIGN, Vol. 28, No. 1, January 12 
1956, Page 95. 


them equally effective on all 
people. People vary considerably, 
and what stimulates one person 
may over-stimulate the next. 

Some people can work to strin- 
gent deadlines; other people nar- 
row their fields to such a degree 
that only commonplace results are 
obtained. One general rule might 
be made, however, and that is to 
try to establish a permissive at- 
mosphere, one that establishes 
psychological safety and psycho- 
logical freedom for the workers in 
that area. Psychological safety 
can be established by three asso- 
ciative processes: First, by accept- 
ing the individual as of uncondi- 
tional worth; second, by providing 
a climate in which external evalu- 
ation is absent; and third, under- 
standing emphatically. 

From a paper entitled “The 
Creative Engineer” presented at 
the ASME Annual Meeting in Chi- 
cago, November, 1955. 





Designing and applying 


Permanent Magnet Rotors 


By Frank S. Greenwald 


Director of Engineering 
Indiana Steel Products Co 
Valparaiso, Ind. 


P ERMANENT-MAGNET rotors 

are found in magnetos, eddy 
current devices, tachometer gen- 
erators, synchronous ac motors, 
magnetic brakes and clutches, and 
alternators. 

Permanent-magnet rotors re- 
quire no external dc excitation. 
Elimination of the commutator 
simplifies construction of the ro- 
tor and reduces maintenance. This 
feature is also particularly im- 
portant where arcing might be 
an explosion hazard. Power loss 
resulting from /*R heating in 
wound rotors is not present. Heat 
dissipation from the rotor becomes 
a minor problem. Higher elec- 
trical efficiencies are obtainable. 
Considerable overall economies can 
result when the equipment must 
be portable or remotely located. 

Magnetic design calculations re- 
quire determination of both the 
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length and the area which the 
magnet is to have. These dimen- 
sions are illustrated in Fig. 1. It 
will be seen that the flux passing 


through the yoke is equal to one- 
half of the pole flux, plus leakage 
flux. 

Salient-pole rotors are usually 
preferred over those having a 
smooth outside diameter. The pole 
definition is sharper and it has 
been found that voltage regulation 
is better. A smooth OD, however, 
has certain manufacturing ad- 
vantages. It can be ground more 
economically. The tendency to 
crack is markedly reduced. This 
shape is preferred when the ID is 
relatively large as compared to the 





Fig. 1 — Dimensions 
for magnetic design 
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Fig. 2—Two-pole, Al- 
nico V rotor magnet 
with hole bore ground 
for press fit on shaft 








Area of magnet : 
Pole = YZ 
Yoke=xZ 

Length of magnet =< 
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A Timely Word to Drafting Department Heads... 


NOW” Is the Time to Get Your New 
Modern Bruning Copyflex Machine! 


* Because you'll need greater print- 
making capacity to meet the push 
for more drafting room output! 








* Because your old reproduc- 
tion unit can’t keep pace 
with increased demands! 


* Because, with management's 
desire for greater production, 
you can get top level approval 
for new equipment! 


You Need It! The boom in production means more 
pressure than ever for engineering prints. Modern Copy- 
flex will help you deliver them! New, better-than-ever 
models bring you faster reproduction speed and a host 
of operator conveniences to step up production. 


You Want It, Surely! Take this opportunity to replace 
that old, inadequate unit with efficient, trouble-free Copy- 
flex—no exhaust venting, no plumbing or auxiliary equip- 
ment, no installation other than an electrical connection. 


You Can Get It! Chances are that your firm, like most 
others, is gearing up for greater-than-ever production. 
You couldn’t pick a better time to include new, higher- 
production equipment in your program. There’s a new, 
improved Copyflex model to suit every price and 
production requirement. Mail coupon today. You'll be 
glad you did! 





NEW COPYFLEX MODEL 500 


A new, ultra-fast, heavy-volume machine offering 
top mechanical speed of 40 f.p.m., automatic 
separation, front or rear delivery, automatic 
stacking, and a host of other advanced features. 









Three Other 
New, Improved 
Copyflex 





Model 100. The helper your big 
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Models 





Model 250. Newest and finest of 
its size. Takes less than a sq. yd. of 
floor space. Up to 25 f.p.m. speed 
—18'A" printing width. Auto- 
matic stacking and separation. 














Model 35. Provides up to 
30 f.p.m mechanical speed and 
a full 46-inch printing width for 
heavy volume reproduction — at 
a thrifty, low price. 


machine needs. Makes up to 300 
prints of one or many different 
8%" x 11” originals per hour—at 
less than 1¢ each for materials. 
































For More Information Circle Item Number on Yellow Card—page 19 


BRUNING Charles Bruning Company, Inc., Dept. 53-K 
4700 Montrose Ave., Chicago 41, Illinois 
: Please send me information on Copyfiex process and Model 500 
Best Process! Gest Machines! Model 250___ Medel 35___ Model 100. 
Best Selection of Materials! 
Name Title 
Specialists in Copying Since 1897 Company 
Address 
CHARLES BRUNING COMPANY, INC., 4700 Montrose Ave., Chicago 41, Illinois « a . 
In Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont. My mene ae 
—ITEM 608— 
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OD. Many rotors using steel in- 
serts cast into the magnet are 
practical only with a smooth OD. 
Even with salient poles the crack- 
ing problem can be lessened by 
increasing the section between 
the ID and the base of the slot. 


Grade of Material: Choice of 
material grade for the magnet is 
influenced by manufacturing, as 
well as magnetic, considerations. 
As in nearly every other applica- 
tion, the first choice is Alnico V 
when the design will permit its 
use. In many rotors the limita- 
tion on magnetic length prevents 
using Alnico V at its peak energy 
output. In these cases Alnico VI 
is the next choice. Nearly all 
two-pole rotors can make efficient 
use of one of these grades, Fig. 2. 

Alnico is very hard, brittle and 
mechanically weak. Because of its 
high shrinkage from the molten 
state, it tends to crack through 
thin sections or wherever there is 
an abrupt change of section. These 
characteristics determine the sizes 
and shapes which can be manufac- 
tured economically. 

Both Alnico V and Alnico VI are 
anisotropic. This means that, to 
achieve full properties, the mag- 
nets must be cooled in a magnetic 
field during heat treatment. The 
configuration of the field has to 
correspond to the direction which 
the flux will take in the final ap- 
plication. Whenever the number 
of poles is four or more, special 
orienting fixtures are required to 
produce a magnetic field of the 


proper shape. If the number of 
poles is too great for the diameter 
of the rotor, these orienting fix- 
tures interfere with proper heat- 
treatment, giving reduced mag- 
netic properties. In such designs 
the Alnico grades which do not re- 
quire orientation are recommended. 

Generally speaking, either Alnico 
V or Alnico VI is satisfactory for 
four-pole and six-pole rotors. When 
the diameter is more than 2 in., 
even eight poles are practical. On 
the other hand, when the diameter 
is too small (less than 34-in.) four 
poles may be too many for opti- 
mum heat treatment. Alnico II and 
Alnico IV are the isotropic grades 
used when neither Alnico V or 
Alnico VI is practical. Alnico II 
gives more air-gap flux than Alni- 
co IV, except when the magnetic 
length is severely limited. Alnico 
IV has somewhat greater physical 
strength than the other grades, 
and, for this reason, is preferred 
in some rotors. Configurations for 
typical eight-pole and_ six-pole 
rotor magnets made of Alnico IV 
and VI, respectively, are shown in 
Figs. 3 and 4. A two-pole, Alnico 
II rotor assembly is illustrated in 
Fig. 5. 


Attaching Magnets to Shafts: 
The magnet designer has his choice 
of several means for attaching the 
magnet to its shaft. Each meth- 
od has advantages and limitations. 
The following is a list of these 
methods with a brief description: 

1. The ID of the magnet could be 
ground so that the shaft might be 
pressed directly into the magnet. 
This method is rarely used. The 
bore grinding which must be done 


on the magnet is extremely ex- 
pensive. Furthermore, because of 
the brittle nature of Alnico, press- 
ing in the shaft tends to break 
the magnet. 

2. A steel shaft could be cast di- 
rectly in the magnet as an insert. 
This method is seldom used. Since 
the shaft must be subjected to the 
high temperatures which are used 
in processing Alnico, it becomes 
warped and heavily scaled. The 
shaft must therefore be machined 
after the magnet is heat-treated. 
This machining would be much 
less expensive if it were done with- 
out the magnet in place. Further- 
more, the shaft extends from the 
magnet and thus tends to reduce 
the capacity of grinding machines 
and heat-treat equipment. 

3. A steel insert might be cast 
into the magnet. This insert would 
then be bored and reamed for a 
press fit on the shaft. This meth- 
od is used to a considerable extent. 
It has the disadvantage that the 
insert tends to cause cracking in 
the magnet. The insert often must 
be nonmagnetic stainless steel for 
magnetic reasons, although it is 
possible to use cold-rolled steel in 
some multipole rotors. 

4. The magnet could be cast with 
a cored hole into which a brass 
insert would be soldered after the 
magnet has been heat-treated. The 
insert would be drilled and reamed 
as in the previous method. This is 
also a popular method, particu- 
larly where the use of a steel in- 
sert would cause excessive crack- 
ing. On the other hand, the added 
soldering operation increases the 
cost of producing the magnet. 

5. The magnet could be cast with 








Fig. 3—Eight-pole, Alnico 
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Fig. 5—Two-pole, Alnico II rotor 
magnet and assembled rotor with 
shaft die cast in irregular cored hole 


Fig. 4—Six-pole, Alnico VI 
rotor magnet with brass in- 
sert soldered in cored hole 


IV rotor magnet’ with 
special bismuth-alloy insert 
cast in cored hole 
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= When steel is 
3 times stronger 
than cast iron... 


on 8 : as two 
elaemelalsaarclil 
times the rigidity... 


mmet costs a 
dalicem-lsmanleles 
per pound... 


WHY 


aren't more of 
your products 
designed for 
welded steel 
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Square Shear bed is more accurate because 
it’s more rigid. By using welded steel box- 
type construction, deflection under load is 
cut 60% over conventional cast iron design. 
Cost of construction is 28% lower than if 
made from castings. Photo courtesy Famco 
Machine Company, Kenosha, Wisconsin. 
View is from underside to show design 
details. 


HOW TO DESIGN 
HIGHER ACCURACY 


... in precision machinery 





HE photo shows how key components for mod- 
ern machine tools are made even more accurate 
while reducing costs of manufacture. 

With steel designs less material is needed, because 
of steel’s greater strength, high rigidity. Using 
welding, the steel materials can be placed where 
they do the most good. 

Have Lincoln Electric show you how you can in- 
corporate these advantages in your designs now. 
Write... 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1113, Cleveland 17, Ohio 


The World’s Largest Manufacturer of 
Arc Welding Equipment 
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a cored hole into which a special 
soft alloy material could be cast 
to take the place of the brass in- 
sert. This method does not re- 
quire soldering, but this advantage 
must be balanced against the fact 
that the special alloys are rel- 
atively expensive. These alloys 
contain a high percentage of bis- 
muth and expand upon cooling 
through a certain temperature 
range. This expansion on cooling 
is essential if a tight insert is to 
be obtained in a round hole. There 
is a limitation on the use of these 
alloys since some of them begin to 
soften when the temperature ex- 
ceeds 200 F. 

6. The shaft might be die cast in 
place after the magnet has been 
heat treated. Because costly tool- 
ing is involved, this method is 
limited to high-volume applica- 
tions. It is usually necessary that 
the hole in the magnet be of an ir- 
regular shape to give a keying ac- 
tion. Otherwise, the aluminum or 


zinc would shrink away from the 
magnet and give a loose insert. In 
normal practice the insert is de- 
signed so that it extends beyond 
the ends of the magnet to give a 
clamping effect as it shrinks. 

7. The magnet might be pro- 
duced with a cored hole and then 
merely clamped against a shoulder 
on the shaft using a nut at the 
other end of the rotor. This meth- 
od makes it difficult to hold con- 
centricity and is generally limited 
to experimental units. 


Assembled Rotors: As pointed 
out earlier, Alnico is mechanical- 
ly weak. This limitation makes a 
single magnet casting unsuitable 
when the rotor is to be particularly 
large. Although a sharp dividing 
line cannot be drawn, an assembled 
unit is recommended if the diam- 
eter is to be greater than 3 or 4 
in. Figs. 6, 7, and 8 illustrate typi- 
cal constructions. The mechanical 
strength of these assemblies is 
much superior to that which an 
individual magnet casting would 
have. The permanent-magnet ma- 





Direction of magnetization 





Fig. 6—Exploded view of Lundell rotor consisting of 
six-pole, Alnico V, axially magnetized magnet to be 
mounted on nonmagnetic shaft 





terial is used efficiently in the 
form of simple shapes which can 
be processed for optimum proper- 
ties. 

The Lundell construction, Fig. 6, 
is particularly well suited to rotors 
having a large number of poles. 
The magnet is magnetized along 
the axis of the shaft with the in- 
terleaving pole pieces giving alter- 
nate poles on the OD. This sim- 
plification can be an important ad- 
vantage. The magnetic leakage in 
these designs is normally greater 
than in other constructions. 

Assemblies made as shown in 
Fig. 7 are almost always die cast 
into an aluminum or zinc housing. 
Many of the largest permanent- 
magnet rotors are made this way. 
The pole pieces of the assembly 
in Fig. 8 may be bolted to the 
central steel core through cored 
holes or slots in the magnet. Often 
these assemblies are held together 
by means of an aluminum die cast- 
ing, either with or without bolts. 
When used, the bolts must be non- 
magnetic stainless steel or brass. 

Indox can be used to advantage 
in some rotor assemblies. Since 
no appreciable loss of flux is 
caused by magnetizing prior to as- 
sembly, the need for a special mag- 
netizing fixture is eliminated. It is 
also not necessary to provide keep- 
ering if the rotor is removed from 
the stator. The high coercive force 
of Indox reduces the effect of 
armature reaction. 

From “Permanent Magnet Ro- 
tors for Alternators” in Applied 
Magnetics, published by Indiana 
Steel Products Co., March-April, 
1956. 
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Fig. 8—Four-pole, 


7—Eight-pole, 
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Co meet design needs... 


Allis-Chalmers Offers Complete Line 
of Rib-Type MOTORS 


from 1 to 100 Hp 


Allis-Chalmers, a pioneer in rib-type 
TEFC motor design, is the only 
leading manufacturer offering a com- 
plete line of these motors from 1 to 
100 hp. The many cost-saving fea- 
tures of deep-rib construction can be 
applied in a variety of uses... both 
indoors and out. 

Here’s why these motors pay divi- 
dends: 


MORE cooling surface — Rib- 
type design provides reserve cooling 
capacity in dirty locations. 


MORE iron—Cast-iron frame and 
external parts assure rigidity and re- 
sistance to corrosion. 


MORE copper — Allis-Chalmers 
greater use of copper increases elec- 
trical life. 


MORE lubrication provisions 
— Large grease reservoirs surround 
bearings. Provision made for in- 
service relubrication — important 
where moisture or corrosive vapors 
contaminate grease. 
















As a new machinery component 
or as replacement, specify Allis- 
Chalmers. To find out more, contact 
your nearby Allis-Chalmers distrib- 
utor, district office, or write Allis- 

‘ Chalmers, General Products Division, 
HA Milwaukee 1, Wisconsin. 
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You can make it better 


kg 
% &% 


BUILT OF USS TRI-TEN STEEL, seven huge 


tainter gates in the Dexter Reregulating 
Dam near Lowell, Oregon, control water 
flow for power supply on the Willamette 
River. Each gate — made in four pre- 
assembled sections and site welded—is 44 
ft. wide and 38 ft. 7 in. high. Shipping 
weight is approx. 116,000 lbs. USS Trr- 
TEN Steel was selected for this important 
installation because of its high yield 
strength—which permitted the use of light- 
er weight plates and shapes—and also on 
account of its higher corrosion resistance— 
equal that of copper steel. (Gates fabri- 
cated by Willamette Iron & Steel Co., 
Portland, Ore., for the Portland District of 
the Corps of Engineers.) 


IN FARM EQUIPMENT, like this Rol-A 
Dam dammer built by Gunning Manufac- 
turing Co., Lansford, N. D., the use of 
USS High Strength Steels in vital parts 
effectively increases life and dependabil- 
ity. Here, USS MAN-TEN Steel in the 
dammer blades provides superior abrasion 
resistance plus lightweight and extra 
strength and toughness. As one manufac- 
turer puts it, “Because farm equipment 
takes terrific abuse in the field and is gen- 
erally exposed to the weather without any 
protection whatsoever, we have found high 
strength steel construction a ‘must’.” 








MACHINE DESIGN 
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CORROSION RESISTANCE is im- 


portant in sign poles like this 
manufactured by C. J. Glasgow 
Company, Detroit, Mich. Due 
to the method of construction 
and design of upright and sign, 
the inside cannot be kept 
painted and is subject to corro- 
sive damage. Built with USS 
Cor-TEN Steel, which has 4 to 
6 times the resistance to atmos- 
pheric corrosion of carbon steel, 
poles last 2 to 3 times longer. 
The higher strength of Cor-TEN 
Steel also makes it possible to 
use steel in lighter gages, saving 
weight which reduces shipping 
costs and makes erection easier. 








with USS High Strength 


Steels 
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RESISTANCE TO ABRASION, plus the added strength and corrosion resistance supplied 
by USS Man-TEN Steel, greatly reduce maintenance and add years of service life to 
the drum of this highly efficient concrete mixer, built by the T. L. Smith Company, 
Milwaukee, Wisc. MAN-TEN Steel’s ability to resist the grinding action of stone, sand, 
slag and cement is so generally recognized that the use of MAN-TEN Steel in drums 
has become almost standard construction by leading manufacturers of truck mixers. 


| = USS HicH STRENGTH STEELS, design engineers have at their command three 
service-tested steels that will permit them to materially increase the efficiency 
and economy of machinery, equipment and structures at little or no increase in 


first cost .. . and frequently, at a saving. 


All three of these famous “steels that do 
more” — USS Cor-Ten, USS MAN-TEN 
and USS Tri-Ten — have a 50% higher 
yield point than ordinary carbon steel. All 
have better corrosion resistance and offer 
greater resistance to wear, fatigue and im- 
pact. Each, however, has specific superior 
properties that should be considered in de- 
termining its selection. 

USS Cor-TEN Steel, for example, is dis- 
tinguished by its superior resistance to at- 
mospheric corrosion—4 to 6 times that of 
carbon steel. USS MAN-TEN Steel is in- 
tended for weizht reduction by means of 
greater strength in moderate forming ap- 
plications, with enhanced resistance to 
abrasion and atmospheric corrosion. USS 
Tri-TEN Steel's outstanding characteris- 
tics are excellent weldability and resistance 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - 


to shock at low temperatures. 

Used singly or in combination, these 
steels can advantageously replace carbon 
steel to increase the strength and durabil- 
ity of vital parts without increasing their 
weight. Or when the use of thinner sections 
is feasible they can (1) reduce equipment 
weight without reducing its strength, or 
(2) increase the size and capacity of 
equipment without increasing total weight 
or the power required to move it. 

You will find our 174-page “Design 
Manual for High Strength Steels” ex- 
tremely useful in applying the benefits of 
these steels to your product. Send for free 
copy—simply write on your company let- 
terhead to United States Steel Corpora- 
tion, Room 5256, 525 William Penn Place, 
Pittsburgh 30, Pa. 


AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
NATIONAL TUBE DIVISION, PITTSBURGH 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS MAN-TEN 


USS HIGH STRENGTH STEELS 


USS COR-TEN 


USS TRI-TEN 
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In All These Applications... 





3 NEW FEATURES OF G-E INTERVAL TIMER 
IMPROVE CONTROL AND CUT TIMING COSTS 


To give you even greater versatility in 
time control, the General Electric TSA- 
18 interval timer may now be equipped 
with these optional features: new reset 
contacts, elapsed time indication and a 
program retaining mechanism. 


NEW RESET CONTACTS make possible 
either automatic resetting or automatic 
recycling in the same timer. A simple 
change in external wiring is all that is 
necessary to change from one to the 
other. With automatic resetting you can 
eliminate manual resetting or mortgag- 
ing another circuit to achieve the reset 
action. With automatic recycling, the 
timer will reset at the end of a time cycle 
and immediately start the next cycle. 
This gives you a continuous repeating 
time-cycle program. 


ELAPSED-TIME INDICATION, shown by a 
small dialon the timer face, gives youacon- 
tinuous, accurate reading of time elapsed 
from the start of your time-cycle pro- 
gram—especially useful on long programs. 


PROGRAM RETAINING: In case of power 
failure the program-retaining mechanism 
will hold the timer at the point of inter- 
ruption and restart it at this point when 
power is restored. (Cannot be used in the 
same timer with reset contacts.) 
MANY STANDARD “EXTRAS” are in- 
cluded in the TSA-18 timer: delayed on- 
and-off timing in intervals from 1 second 
to 30 hours; knob-locking device to pre- 
vent missetting; high setting accuracy of 
1%; high repeat accuracy of 144 %; dust- 
proof case—all standard at no extra cost. 
YOUR COSTS ARE REDUCED because 
the TSA-18 interval timer will increase 
the equipment operators can handle and 
free them for more productive activity. 
Waste or spoilage of materials can also be 
reduced, with the higher degree of uni- 
formity that G-E timed control gives you. 
For further information, contact your 
nearest General Electric Apparatus Sales 
Office, or write for bulletin GEC-1223 to 
Section 584-3, General Electric Company, 
Schenectady 5, N. Y. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 





G-E TSA-18 TIMER Wil, 
REDUCE COSTS IN Al 
THESE OPERATIONS 


IN PLASTICS 


Automatic molding 
Scheduled mixing of materials 
Batch weighing 





IN METALS 


Heat treating 

Flame hardening 

Induction heater annealing 
Quenching cycles 

Firing of regenerative furnaces 
Plating 
Bath and soak cycles 
Motor reversing cycles—tumbling 
Batch weighing 

Sequencial adding of materials 


IN FOOD PROCESSING 


Sugar centrifuge control 
Dough mixing 

Dehydration equipment 
Automatic chicken pickers 
Roasting processes 

Motor reversing cycles—agitators 
Adding ingredients in sequence 
Infra-red oven control 

Molding and pressing 

Batch weighing 

Bag folders 

Heat sealers—plastic bags 
Bag and box fillers 


IN MACHINE TOOLS 


Flame hardening 

Heat treating 

Resurfacing of grinding wheels 
Final polishing intervals 
Periodic lubrication 


IN RUBBER 


Tire and tube curing cycles 
Injection period control 





IN CHEMICALS 


Motor reversing cycles—agitators 

Atomic radiation control—setting 
exposure reading interval 

Batch weighing 

Sequencial adding of materials 

Testing photographic emulsions 

Infra-red oven control 

Purging of filtration tanks 

Dehydration equipment 


IN CONTROL PANELS 


Single time-interval operation 
Multiple time-interval operation 
Recycling of timed operations 
Sequencial cycling of automatic 
machines | 
Motor-reversing cycles 
Reclosing of circuit breakers 
Unattended substation starting 


AND MANY OTHERS 


Transit-system scheduling } 

Glass polishing cycles 

Spin and surge protection of deep 
well pumps 

Automatic paint spraying devices 

Photo copying equipment 

Automatic door closing 

Dry cleaning and laundry ma- 
chines 

Alarm initiation 

Dust collectors and shakers 

Quality control 

Materials handling 

Periodic test sampling 





Wil, 
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Phenolic Molding Compounds 
Phenolic resins and molding com- 
pounds bearing Durez name are de- 
scribed, their uses explained and 
methods of molding covered in illus- 
trated brochure. Also included are 
section on choosing the right ma- 
terials, physical propeities chart, de- 
sign suggestions and finishing data. 
16 pages. Durez Plastics & Chemicals, 
Inc. 
—Circle ITEM 401 


Industrial Control System 
“The Whys and Wherefores of Cy- 
pak” is an illustrated bulletin which 
describes Cypak industrial control 
system, its applications, function and 
purpose. Operating without relays or 
moving parts, it uses a logic function 
approach with four functions—and, 
or, not and memory. Any circuit 
function can be achieved. 6 pages. 

Westinghouse Electric Corp. 
—Circle ITEM 402 


Ceramic Coatings 
Oxidation protection, improved 
mechanical properties and related 
advantages imparted to metals by 
ceramic coatings and porcelain enam- 
els are tabulated and discussed in 
illustrated bulletin. Protective coat- 
ings are offered for ferrous and non- 
ferrous metals and alloys, as are 
complete production facilities. 6 
pages. General Ceramics Corp. 
—Circle ITEM 403 


Hydraulic Fluid 


Factual information on the _ in- 
stallation and maintenance of Hough- 
to-Safe fire-resistant hydraulic fluid 
where potential fire hazards exist is 
presented in illustrated folder. Typ- 
ical uses are outlined, and the ad- 
vantages of this fluid are summar- 
ized. 8 pages. E. F. Houghton & 
Co. 

—Circle ITEM 404 


V-Belt Drives 

Single and multiple groove pul- 
leys, variable pitch pulleys, flexible 
couplings, link and standard V-belts, 
steel shaft collars and fans in a com- 
plete range of sizes for every need 
are listed in illustrated “V-drive Cat- 
alog and Engineering Manual” No. 
f-10. This well-indexed guide is 
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packed with application data. 44 
pages. Maurey Mfg. Corp. 
—Circle ITEM 405 


Automation Drive 
“Select Your Automation Pro- 
gram” is title of bulletin that de- 
scribes the ME AUTOmator that 
combines a dc power source with 
an adjustable speed de motor to pro- 
vide flexible and accurate speed for 
automation drives. Details of com- 
ponents are discussed. 8 pages. 
Marathon Electric Mfg. Co. 
—Circle ITEM 406 


Whiteprinting Machine 

Century whiteprinting machine 
will reproduce anything typed, writ- 
ten, drawn or photographed on 
reasonably translucent material at 
speeds up to 70 fpm in 42 and 54- 
in. widths. Details of this machine 
and its use in design and engineer- 
ing work are covered in illustrated 


bulletin 2506. 8 pages. C. F. Pease 
Co. 

—Circle ITEM 407 
Set Screws 


The new Setko Jewel Case con- 
tains a complete assortment of set 
screws. It will be sent free on loan 
to design and production engineers 
to aid in solving problems. Full 
details of the Case and available 
set screws are presented in_ illus- 
trated bulletin. 6 pages. Set Screw 
& Mfg. Co. 

—Circle ITEM 408 


Speed-Sensitive Switches 
Dimensional drawings and appli- 
cation data on line of speed sensi- 
tive switches and overspeed gov- 
ernors are presented in illustrated 
bulletin 504S. One, two and three 
switch overspeed and underspeed 
governors are covered. 8 pages. 
Synchro-Start Products, Inc. 
—Circle ITEM 409 


Alloy Steel Screws 

Socket head cap, socket cap, hol- 
low set, hollow lock, square head 
set, slotted headless set, machine 
and cap, square head collar, tool 
post and special screws as well as 
stripper bolts, hollow pipe plugs 


and hex socket keys are described 
in illustrated booklet “Improved 
Product Design with Mac-it.” 16 
pages. Strong, Carlisle & Ham- 
mond Co. 

—Circle ITEM 410 


Brass Die Castings 
How brass pressure die castings 
are produced, design data, value 
analysis versus sand castings, and 
composition and properties of brass 
die casting alloys are contained in 
illustrated bulletin. 4 pages. Titan 
Metal Mfg. Co. 
—Circle ITEM 411 


Subminiature Relay 
The new 5-amp subminiature six- 
pole double-throw series 2005 relay 
which meets requirements of appli- 
cable military specifications is subject 
of illustrated data sheet. 1 page. 

Guardian Electric Co. 
—Circle ITEM 412 


Power Chucks 
Design and application data on 
two and three-jaw universal and 
serrated chucks in 6 to 12-in. sizes 
are contained in iilustrated bulletin 
“S-P Power Chucks.” 4 pages. S-P 
Mfg. Corp. 
—Circle ITEM 413 


Use of Forgings 
Advantages forgings offer to the 
designer, metallurgist, purchasing 
agent and management are stated 
in this booklet for those individuals 
responsible for recommending or 
specifying. Request “Management 
Guide to the Use of Forgings.” 6 
pages. Drop Forging Association. 
—Circle ITEM 414 


V-Belt Fasteners 
V-belt fasteners for open - end 
V-belting are subject of illustrated 
bulletin V-216. Details of use, ap- 
plications, cost, ordering data and 
application tools are covered. 4 
pages. Flexible Steel Lacing Co. 
—Circle ITEM 415 


Indicator Lights 

Oil and dust-tightness, omnidirec- 
tional light spread and adaptability 
are features of compact series of in- 
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Helpful Literature 





dicator lights for heavy duty indus- 
trial uses. Illustrated brochure con- 
tains lamp drawings, dimensions and 
other data on incandescent and neon 
glow lamps. 4 pages. Dialight Corp. 

—Circle ITEM 416 


Industrial Filters 

Filtration gives better control of 
quenching oil properties, according 
to illustrated folder on _ industrial 
| filters and quenching oil applications. 
| Operating data and case histories of 
| Chain Belt and Borg-Warner installa- 
tions are given. 4 pages. Industrial 
Filtration Co. 


—Circle ITEM 417 


Relief Valves 
Pressur> regulation from 100 to 
2000 psi is available in %, % and 
1%4-in. size relief valves and from 
150 to 2000 psi in the 1%-in. size. 
Series M units are described, their 
specifications given and engineering 
drawings included in bulletin VR-3. 
2 pages. Denison Engineering Co. 
—Circle ITEM 418 


Panel Instruments 
Model 150 sealed and waterproof 
miniature panel instruments, de- 
scribed in illustrated bulletin M150, 
are 1%4-in. diameter and designed for 
| one hole mounting. Microammeters, 
ammeters, milliammeters and volt- 
| meters are available. 2 pages. De- 
apes ag | Jur-Amsco Corp. 





—Circle ITEM 419 


ist Use: | Tube & Pipe Fittinas 

During 4’ years—and 19,000 steaming hours—in a chain grate Fluid Fortress no-flare type and 

stoker, Morganite bearings required no lubrication and no | Gri : 
wis , on ptube flare type of tube and pipe 

maintenance. Bearing wear was only 0.030” and the shafts were | fittings are described in detail and 


i ish ith ligibl " 
Sy Seay ee ae wees their specifications given in this il- 


2nd Use: | lustrated catalog 553. Feature is an 
Several hundred Morganite bearings, fitted to a 150 ft., | alloy spring steel sleeve which holds 
double-roller, suspension conveyor, passed continuously through excessive pressures without leakage. 
(1) caustic solution at 190° F, (2) water at 180° F, (3) Bonderite Types for various applications are 
Solution at 190° F, (4) Chromate rinse at 180° F, and (5) a drying covered. 28 pages. Flodar Corp. 
oven at 450° F. After more than 17 years these bearings are ties - 
still giving satisfactory performance. ircle ITEM 
3rd Use: Net Weighing Machine 

In a 10-ton furnace charging machine, Morganite bearings Packaging, bagging, batching and 
have been operating in the “hot zone” for more than 3 years compounding of wide variety of 


products can be performed on the 
precision net weighing machine de- 


without replacement or maintenance. 


if you have a problem involving severe temperatures, 





lubrication, or contamination, send us the details. scribed in illustrated form 3287. Fea- 
Our Engineering Staff will be glad to work with you. tures of the fully automatic unit are 
given, along with general specifica- 
tions for various models. 4 pages. 

Exact Weight Scale Co. 
—Circle ITEM 421 

INCORPORATED z 
Manufacturers of fine carbon-graphite products for fifty yeors. O-Ring Seals 

3314 48th Avenue, Long Island City 1, New York How to specify and use O-ring 
: . hain Re Tie a : is oes packings is covered in catalog 0100 
ie. Patol pees eee ees = hCwhich «details synthetic, _ silicone, 
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Super soft rubber answers many problems! 
SEALS! CUSHIONS! ABSORBS SOUND! 


Here’s an exciting new material formulated and bonded conveyer belts where superior gripping 
developed by ROTH Rubber...a non-porous and cushioning qualities are required. It may be 
rubber with a softness from 5 Durometer up. the solution to your problem. Check the specifi- 
Applications range all the way from a tiny, sound cations, send the coupon for a free sample... 
absorbing mounting ring used in a hearing aid to ROTH will be happy to work with you. 















































. . . > 7 . 7 o . 7 > . e . . . . . os . . 7 . . . . . . . . . 7 . . - . . 
° PHYSICAL PROPERTIES—ROTH RUBBER COMPOUND D992 ° 
e PROPERTY UNAGED AGED 70 HOURS . 
212F 212F 212F 200F 85F 85F 85F 
° Air #1 Oil #3 Oil Water isooctane | Type Ii! Fuel | Naphtha| Dielectric Strength measured on ° 
} ° Hordness 7 ] 27 30 1 8 y === ae Yg-inch thick slab: At 10,000 ‘ 
Tensile Strength _ 500 psi 750 600 250 200 450 400 500 volts the rubber passes 2 micro- 
* Elongation 800% 550 550 750 550 750 750 eng | cmeeres of coment, ot 15.000 =. 
j ne oo oo volts the insulation breaks down. 
e Compression Set 50% ~ ——{ High Temperature Use—estimated 
Volume Change *_ ij _*_~ _'|_——36% | +90% | +25% | —I7% 20% _| —2% | timit 200F. 
° Cold Bend —60F OK . 
— 65F Brittle 
. > . . 7 . . . . . . * . . . * - . o .* . _ . . . . . . . > . « . . . . . * 
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"50% reduction 
in machining time... 
finer tinish...few scrap losses” 


Aluminum valve housing for Chemox oxygen breathing apparatus. 


A a sand casting, this part required twelve separate machin- 
ing operations, with their inherent hazards of scrap 
losses, tool breakage and production delays. Made now as an 
investment casting by Precision Metalsmiths, only six machin- 
ing operations are required. 

Machining and machine-tool time are saved, finishes are 
very much better, and rejections have been reduced to prac- 
tically zero. 

In the above picture, one piece has been cut in half to show 
how complicated and accurate in details investment castings 
can be. Have your designers consider this highly flexible pro- 
duction method and find out how you can save time and money. 
We cast in 160 different ferrous and nonferrous alloys. 

The book, Pour Yourself An Assembly, describes this versatile 
process. For a copy and for quotations on your investment 
casting requirements, write Precision Metalsmiths, Inc., 1083 
East 200th Street, Cleveland 17, Ohio. 


pour yourself an assembly with 


D 


'% 


INVESTMENT CASTINGS 
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Teflon and leather Hi-duty seals. 
Engineering data, detailed specifica- 
tions, installation drawings and 
other data are included. Covered 
are packings, gaskets, back-up wash- 
ers for universal tube fittings and 
special compounds. 16 pages. Bay 
Rubber & Plastics Corp., Ohio O- 
Ring Div. 

—Circle ITEM 422 


Switchboards 
“Switchboards with Basic Circuits” 
is title of illustrated bulletin which 
shows how eight classifications of 
standard switchboards are construct- 
ed, operated and tested. The “build- 
ing block” concept as applied to the 
units is described. Basic circuit 
specifications in duplex switchboards 
are discussed in the bulletin, GEA- 
4127B. 40 pages. General Electric 
Co. 
—Circle ITEM 423 


Barrel Finishing Systems 
Automated Sub-O-Matic submerged 
type barrel finishing systems for high 
production descaling, deburring, 
grinding and burnishing are described 
in illustrated bulletin ABF-101. De- 
tails of operation, its programming 
feature, materials handling, layout 
and how compound savings are re- 
alized are covered. 12 pages. Queen 
Stove Works, Inc., Almco Div. 
—Circle ITEM 424 


Rolling of Metals 
The Grotnes method of expanding, 
shrinking, and rolling metals is ef- 
fectively described and illustrated in 
informative brochure. Typical se- 
quences in forming a certain product 
are shown, as are many of the ma- 
chines used in the process. 20 pages. 
Grotnes Machine Works. 
—Circle ITEM 425 


AN Connectors 
22 x 27-in. wall chart is offered to 
help in specifying AN connectors for 
wide range of applications. Selec- 
tion data covers number of contacts, 
contact size, voltage rating, creep- 
age distance and spacing inform:- 
tion. Other information covers in- 
sert insulation materials and shell 
finishes. Deutsch Co. 
—Circle ITEM 426 


Rotary Swaging Machines 

Typical examples of many opera- 
tions performed by rotary swagint 
on solid or tube stock are illustrated 
in brochure on rotary swaging ma- 
chines. Several models are shown 
with full specifications along with 
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Silicone News 
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Atomic Sub Designers Save 4.5 Tons 
By Using Silicone Insulated Motors 
The fact that you get more power per 
pound with Dow Corning silicone insula- 
tion has been proved in almost every 


kind and size of electric machine. But 
never has it been better demonstrated 
than in the atomic-powered “Seawolf” 
built by the Electric Boat Division of 
General Dynamics Corporation. Silicone 
insulation enabled Seawolf designers 
to reduce total motor weight by 
about 25%. 


The Seawolf employs 63 integral horse- 
power motors to drive pumps, compressors 
and auxiliaries. These are in addition to 
the various motors already mounted on 
government furnished equipment. 


Each of the 63 motors is completely insu- 
lated with Dow Corning silicones. Com- 
bined weight of these motors is 27,141 
pounds. Motors built to supply equivalent 
horsepower but insulated with Class A or 
B materials would weigh an estimated 
36,000 pounds. Thus, silicone insulation 
is responsible for a total weight savings 
of about 4.5 tons. This experience con- 
firms again the fact that you get more 
power per pound from electric machines 
built with a Dow Corning silicone insu- 
lating system. No. 80 











Silicone Paint Superior to Other Finishes fer Trailer Bathtubs 


With properties that overcome the limi- 
tations of both conventional organic 
finishes and vitreous enamels, silicone- 
based paints are helping designers 
engineer longer-lasting beauty and 
service into a broad range of products. 
One of the most recent examples is the 
finishing of housetrailer bathtubs by 
Sherer-Gillett Co. of Marshall, Mich. 


The porcelain enamel formerly used on 
these cold-rolled steel tubs was expensive 
to apply, and necessitated an extra hand 
wiping operation to remove excess enamel 
from corners and edges. This coating 





NOW... SILICONE RUBBER NIPPLES 


From traction motors to domestic 
steam irons — wherever product per- 
formance can be improved by rubbery 
materials that retain good physical and 
dielectric properties at temperatures 
ranging from —100 to 500 F—designers 
are finding new applications for Silas- 
tic*, Dow Corning’s silicone rubber. 
Latest example is a nursing bottle 
nipple molded by Pyramid Rubber Co. 


World’s leading manufacturer in this field, 
Pyramid describes Silastic nipples as “the 
longest-lasting ever made.” They withstand 





Silastic stays resilient at 500 F. At temperatures high 
enough to melt ordinary rubber in a pan father 








added 25 pounds to each tab ae often 
caused the metal to warp, resulting in high 
scrap losses. Porcelain finishing also meant 
high shipping costs plus the hazard of 
damage to tubs during handling. 

All of these problems have been elimi- 
nated by switching to a_ silicone-based 
paint. It is easily and efficiently spray- 
applied, and there is no longer any need 
for the costly hand wiping operation. This 
paint is cured by baking to give a high 
gloss finish that is flexible enough to with- 
stand handling without cracking or chip- 
ping. Exhaustive lab tests and field experi- 
ence have proved that it also has excel- 
lent resistance to alkali, acids, humidity 
and salt spray, and retains its original 
attractiveness after rugged service. 


Sherer-Gillett’s finishing process is simple 
and economical. Tubs are preheated for 
30 minutes at 450 F to remove accumulated 
oil; then bonderized and sprayed with 
white Nubelon-S, a modified silicone-based 
finish formulated by Glidden. After a 
30 minute bake at 425F, the tubs are 
lightly sanded, wiped down and given a 
final spray coating and baking. No. 84 
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“What's a Silicone?” is the title of a 32-page | forgot to take off the stove, Silastic retains its 
booklet which answers that often asked question | Shape and resiliency. DOW CORNING CORPORATION - Dept. 6805 
in semi-technical terms. Indexed and illustrated, repeated boilings; do not swell or soften at Midland, Michigan 
this booklet has earned an international reputa- i ; : , Please send me 60 81 82 83 84 
tion as the most interesting and informative de- sterilization temperatures; and remain 
scription of silicones ever published. No. 81 | tasteless, odorless and unaffected by! Name 
natural fats and oils in baby formulas. one 
“Silicone Glass Parts by Vacuum Laminating” | During months of hospital testing, Silastic coments 
: ear from ee ~~ wae eee: 9 nipples repeatedly lasted 15 weeks and| COMPA 
starled procedures for making short runs of | more, or 5 times as long as conventional | STREET 
oversize, complex, or experimental parts with- : , . 
out the expense of production mold; is supple- nipples. They are now an-important item city ZONE__ STATE 
mented with several illustrative photos. No.82 | in Pyramid’s “Evenflo” line. No. 83 
“TM REG. U.S. PAT. OFF. 
ATLANTA * CHICAGO + CLEVELAND + DALLAS + DETROIT * LOS ANGELES * NEW YORK * WASHINGTON, D.C. (Silver Spring, Md.) 
Canada: Dow Corning Silicones Ltd, Toronto; Great Britain: Midland Silicones Ltd., London; France: St. Gobain, Paris 
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Pr events skids Helpful Literature 


typical die designs. Production swag- 
ing is emphasized. 16 pages. Tor- 
rington Co. 





—Circle ITEM 427 


Noise Control 
Up to 99.9 per cent reduction in 
noise level of air-operated equipment 
is achieved with series 4-44 Auto- 
mufflers. Performance data on these 
pneumatic mufflers is graphically 
presented and typical installations 
are illustrated in bulletin “Noise Con- 
trol.” Mufflers are available for pipe 
sizes % to 2 in. 8 pages. Allied 
Witan Co. 
—Circle ITEM 428 


Fringe Area Lubrication 
New concepts of extreme pressure 
or boundary lubrication in which 
solid Molykote lubricants perform a 
major function are described in fold- 
er 103. Eleven types of Molykote 
are listed and described according to 
their ingredients, working tempera- 
ture ranges and method of applica- 
tion. 4 pages. Alpha Corp. 
—Circle ITEM 429 


Piston Packing Material 
” e Engineering data on  Darcova 
K ills noise Pumcups for packing pistons of air 
cylinders, hydraulic cylinders and re- 
ciprocating pumps are presented in 
bulletin 5503. Data cover composi- 
tions, textures and types available 
for pressure, temperature and corro- 
sive conditions. Range of sizes and 
prices are listed. 16 pages. Darling 
Valve & Mfg. Co. 





—Circle ITEM 430 


Controlling Corrosion 

“How Zinc Controls Corrosion” is 
illustrated booklet which points out 
many ways zinc lengthens the life 
of steel products and reduces main- 
tenance costs. Extensive selection 
of farm, industrial, marine and build- 
ing applications of zinc is reviewed. 
Illustrations present corrosion con- 


It’s Armstrong DK-153, a resilient cork-and-sponged rubber trol characteristics of zinc coatings, 





composition backed with a pressure-sensitive adhesive. This versatile material zinc pigments and zinc anodes. 32 
is now being used for hundreds of diffe rent industrial jobs . . . including skid pages. American Zinc Institute. 
proofing electric mixers, keeping rain and dust out Circle ITEM 431 





of parking meters, and quieting air conditioners. 
You can get Armstrong DK-153 in rolls, strips, 
sheets, or die-cut shapes, in thicknesses from 1/32 
inch to 3/16 inch, with or without adhesive back- cuentiite os eel on wiliieiendl 
ing. In any form, DK-153 is easy to apply: just , and eiiimeediiitis small motors for ap- 
peel off protective covering and press material into ye i, J pliances projection equipment, com- 
place. For samples, write to Armstrong Cork Com- [| “"*“°""™* 7 amiontiicmn equipment, heitenieted ao 
pany, 7305 Dean Street, Lancaster, Pa. struments, displays, servomechan- 

isms and toys are subject of descrip- 


A mn tived data folder 4a/Ba. 4 pages 
(Ay st rong DK-153 Barber-Colman Co. 


used wherever pe rfor mance counts —Circle ITEM 432 





Small Motors 


Unidirectional, synchronous. and 
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«+. the choice of leaders / 
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MORE POWER IN SMALLER FRAMES The Wagner DP Motor packs 
more power in a smaller frame and this smaller size means ease 
of handling and stocking ...less space required for installation. 





You get better 


performance with these 





Wagner DP Motors 





Wagner DP motors are doubly protected by (1) rugged, cor- CAN. BE RE-GREASED FOR LONGER LIFE This motor will operate 
, , : for years without regreasing ... bearings are completely enclosed 
rosion-resistant cast iron frames, smoothly rounded so that ... however, provisions have been made for adding lubricant and for 


no moisture can collect on them. Motor feet are cast as an the removal of old grease in cases where re-greasing is necessary. 


integral part of the frame for maximum strength and rigidity. 
(2) Enclosures on the DP motor are completely drip-proof— 
virtually splashproof. Air intakes are located at the bottom of 
the endplates and air outlets are located at the base of the 


frame—one on each side. 


Although engineered to meet the re-rated NEMA specifica- 
tions which call for more power in smaller frames, the same 
high quality and long life performance that have made 
Wagner Motors “the choice of leaders in industry” for many 


years has of course been retained. 





Full information and principal dimensions are given in 
Bulletin MU-202. Write for your copy today. 

COOL RUNNING Specially designed baffles direct cooling air from 
the blowers through the motor and provide protection for the 
stator windings. Blowers are an integral part of rotor...and 
move large volumes of air without noise or vibration. 


Wagner Electric @rporation 


6404 Plymouth Ave., St. Lovis 14, Me., U.S.A. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 








- “ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 
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Experience has shown that connector problems fall into three main classes 
—(l) Selection of the most suitable connector from those cataloged— 
(2) Modification of an existing type or the use of a non-cataloged 

“special” —or, (3) Design and use of a new type or series. 


MINIATURES AND SUB-MINIATURES 


vt 


THREE POPULAR MINIATURES 


The first problem may best be met by the use of Cannon Electric Condensed 
Catalogs (ICC and RJC) plus the Plug Guide (CPG) and the small 8-page Guide 
which are keys to the various engineering bulletins on such types as AN (MIL Speci- 
fication), Miniature, Rack/Panel/Chassis, Audio, etc. If modifications are required, con- 
sult your local Cannon Representative wh in conjunction with factory sales engineers, con- 
stantly is making adaptations to fit special needs. New designs are always being considered. 
designed, and developed by Cannon Electric. For those whose requirements are “off-trail,” a 
“Connector Requirements Sheet,” fully filled i, will save time and effort in arriving at a suitable 
design. We will gladly send this sheet upon request, plus the new Miniature Bulletin, or the other bulletins. 


Please ra'er to Dept. 185 
CANNON ELECTRIC CO., 3208 HUMBOLDT ST. LOS ANGELES 31, CALIFORNIA 
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Use Yellow Card, page 19, to obtain more information 








Miniature Clutch-Brake 


in standard and 
reverse actuation models 


Electro - magnetic combination 
clutch and brake for electronic and 
instrument applications is small 
and light weight. Operating on dc 
input, the servo-mounted unit is 
available with output shaft at 


either or both ends. Controlled 
torque output under vibration 
meets requirements of MIL-E- 


5272A. Standard units deliver either 
brake or clutch torque when ener- 
gized; reverse actuation units op- 
erate a- brake when energized and 
are normally clutched when de-en- 
ergized. Typical model MC-10 is 





1.37 in. in diameter and 1.765 in. 
long. It weighs 7.5 oz and delivers 
70 oz-in. combined clutch and brake 
torque. A. J. Thompson Co., Route 
1, Box 812, Florissant, Mo. 

—Circle ITEM 461 


Bearing Assembly 


has self-aligning graphited 
or sintered bearings 


Two sleeve bearings are mounted 
in a pressed-steel housing in this 
self-aligning Duplex bearing as- 
sembly. Horizontal-mounting as- 
sembly is supplied with either qual- 
ity graphited or low-cost sintered 
bearings. For vertical-mounting or 





<Facing Page—ITEM 619 





thrust applications, Duplex assem- 
bly includes graphited flanged bear- 
ings and a thrust collar. Vertical 
models are available for %4 and 
l-in. shafts; horizontal model 
comes in range of bore sizes from 
14 to 1 in. Housings measure 514 
in. long, 4 in. wide and 2 in. high, 
with shaft-center height at 1 in. 
Randall Graphite Bearings Inc., 
Greenlawn & Lake Ave., Lima, O. 

—Circle ITEM 462 


Precision Potentiometer 


has Kelvin-Varley 
voltage-divider circuit 


Operating as an “automized’’ Kel- 
vin-Varley circuit, this Dipot pre- 
cision multiturn potentiometer sub- 
divides voltages from matched re- 
sistors with a vernier potentiom- 
eter. Phase shift is reduced to a 
minimum by use of pie-wound re- 





sistors. Unit is available as five 
or ten-turn pot, with or without 
centertap. Special servo model is 
also available with 180-deg over- 
travel on each end to prevent over- 





shoot or end sticking. Standard 
linearity in 10-turn model is 0.01 
per cent; optional total resistance 
values can be furnished in standard 
ranges. Servonics Inc., 834 N. 
Henry St., Alexandria, Va. 
—Circle ITEM 463 


Toggle Switch 


has electrical memory that 
shows last momentary position 


This toggle-switch assembly, desig- 
nated 21AT1, incorporates three 


single-pole, double-throw functional 
switches and one single-pole dou- 
“memory” 


ble-throw switch. In 





application, the memory switch in- 
dicates by pilot light or buzzer 
which circuit was last actuated. 
The three functional switches op- 
erate at three lever positions- 

maintained-center, or momentary at 
each extreme lever position. Two 
functional switches actuate when 
the lever is moved to one extreme 
position; the other is actuated in 
the other extreme position. The 
memory switch is actuated (and 
maintained) in one extreme posi- 
tion and is released in the other 
extreme position. The lever return- 
ing to center does not affect the 
memory switch, which shows by 
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New Parts 





pilot light the most recent ex- 
treme momentary position of the 
lever. Switch rating is 5 amp, 125 
or 250-v ac; de rating at 30 v is 
3 amp (inductive) at sea level 
Micro Switch, Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, 
Ml. 

—Circle ITEM 464 


Spherical Corners 


improve appearance of 
welded panels and enclosures 


Offered in metal thicknesses from 
1g to %-in., this line of prefabri 
cated spherical corners provides 
smooth corner contours for welded 


Wwe 


machine bases, fixtures, housings 
and panels. Installation of corners 
requires that four corners of base 
panel be notched and edges bent 
to a standard radius. Corner radii 
available from 14% to 3 in., de- 
pending on metal thickness. Conner 
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OUTSTANDING PERFORMANCE 


Have made Durakool Tilt-Switches and 
Timer-Relays the Recognized Standard 
of Industry 





Now celebrating its 20th year, Durakool, Inc., is proud of the 
many records of achievement set by its mercury tilt-switches and 
timer relays. Steel Products, 24690 Telegraph 
The basic “Sealed under pressurized hydrogen” principle has been Rd., Detroit 19, Mich. 

proved on thousands of applications. So successful have they been —LCircle ITEM 465 
that they are now the accepted standard of the industry: 


/ | Pneumatic Door Seal 


e Millions of contacts or cycles without faltering “ ‘ 
stops noise and air leaks 








i 
a 
L e Outlasts the normal equipment life Designed for sealing doors in test 
; e Trouble free under every practical tempera- cells or similar enclosures this in- 
f ture or humidity condition. flatable rubber gasket provides a 
f: ; tight, noise-suppressing seal around | 
Pi e The tougher the assignment, the more Dura- i the entire perimeter of the door, in- 
! kools stand out. 

| For detailed information about your exact applicgtion 
! WRITE TODAY. 
h 

DURAKOOL, INC. i 
: ELKHART, INDIANA, U.S.A. © 700 WESTON RB., TORONTO 9, CANADA 








— Ty) ae 


VISIT OUR BOOTH NO. 520 AT THE DESIGN ENGINEERING SHOW cluding the corners. Section shown 











Dotted area shows gasket inflated 











PHILADELPHIA, MAY 14-17 can be supplied to fit any size and 
—ITEM 620— 
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FULTON SYLPHON 
TEMPERATURE 
REGULATOR 
HEADQUARTERS, 
U.S.A. 


CONTROLS TEMPERATURE 


UNDER ITS OWN POWER 


COMPLETE LINE OF REGULATORS, VALVES, MIXERS, AND CONTROLS FOR LIQUIDS, AIR OR GASES. 


Whether it's designed in process 
equipment or added later, the 
Fulton Sylphon No. 999-T Tem- 


perature Regulator provides the 


“Over-run" feature pro- 
tects regulator against 
damage if temperature at 
accuracy and simplicity that mean the bulb accidentally ex- 
ceeds regulator range. 

lower first costs—lower mainte- 
nance costs—and lower process- 
ing costs. It’s completely self- 
contained, uses absolutely no out- 
side power to detect temperature 
or to control it. And with its Available with or without 
on easy-to-read thermom- 
eter that accurately shows 
temperature at the bulb. 


famous: Sylphon bellows, it has 
the powerand sensitivity forhighly 


responsive control action 


Extra large two-ply seam- 
less Syiphon bellows as- 
sures long life—provides 
extra power for positive 
control action. 


Added strength of stain- 
less steel frame resists oc- 
cidental blows—keeps 
bellows and stem aligned. 


Regulator is available with 


Ball-beoring wheei turns 
easily to change control 
point settings. A clearly 
marked scale shows adjust- 
ments ot a gionce. 


bulb shown for control of 
liquids or with other types 
for air, gases, etc. Made of 
copper, steel, stainless steel, 
lead, plastic coated, etc. 





t 
* 
: 
| 


NO. 999-T TEMPERATURE REGULATOR 


Available with 60 Franges between 20 and 455 F 


Variety of valve types in sizes from 4 to 4 


Robertshaw-Fulton Controls Co. 
FULTON SYLPHON DIVISION 


Knoxville 1, Tenn. 
[] Send literature on Temperature Regulators for 
of Industrial Processes, Catalog D-JF 
ca Neme___ 
CONTROLS COMPANY 
itis 


FULTON SYLPHON DIVISION 


Knoxville 1, Tenn. 
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ROTARY LATCH ADVANTAGES LISTED 


BY B E L lo 4rcreft 


CORPORATION 


The next 135 words of this 
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advertisement taken from 
Bell Engineers’ letters 
S. W. Esmond, Product Engi 
e Electronic equipment shown was designed to use 
the pANELOc Rotary Latch at a great saving in space 
and weight, so vital to the aircraft engineer. 





e Rotary Latch assembles to door or panel itself — 
no stud-to-receptacle line-up problem. 

e Tests show no sheet separation—fastener locks 
with the effect of a nut and bolt assembly. 


e Vibration tests also had no effect on the Rotary 
Latch. 





F. P. Bassett, Project Engineer: 

e Rotary Latch selected for use on cowl access doors 
on Bell’s latest vertical-rising (VTOL) aircraft. 

@ The new pANeEtoc Rotary Latch is excellent for 
hinged doors and applications where maximum access 
and opening are important design considerations. 

e Its simplicity, vibration resistance, ease of instal- 
lation and cost are other factors that resulted in 
Bell's adoption of this new fastener. 


e Now in use on fixed-wing aircraft, helicopters, 
missiles, electronic components. 


Write for catalog 
and price list for your file 


A PRODUCT OF SCOVI LL 


Scovill Manufacturing Company, Aircraft Fastener Div. 
50 Mill Street, Waterbury 20, Connecticut 
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shape door, rectangular or circular. 
Working pressure of the gasket 
ranges from 25 to 40 psi; clearance 
required between door and jamb 
is 1,-in. The seal can also be ap- 
plied to pressure or vacuum-cham- 


ber doors. Continental Rubber 
Works, 19840 Liberty St., Erie 6, 
Pa. 

—Circle ITEM 466 
Ceramoplastic 


is copper clad 
for etched-circuit use 


Copper-clad Supramica 500 ma- 
chining grade ceramoplastic for 
use in the manufacture of etched 
circuits has age and dimensional 


stability under adverse conditions 


of storage or use. It is well suited 
for circuits in which small warpage 
might introduce variable contact 
resistance or changes in capacity 
or inductance. The material with- 
stands temperatures to 450 F, its 
thermal endurance being limited 
only by the bonding agent used to 
apply the copper. Radiation-re- 
sistant, it provides circuit stability 
under extreme conditions and high 
dimensional accuracy. Etched cir- 
cuits on the ceramoplastic can be 
furnished, or the material can be 
supplied machined to specification 
for further processing. Mycalex 
Corp. of America, Clifton Blvd., 
Clifton, N. J. 

—Circle ITEM 467 


Inserts 
in short lengths for 
thin boss materials 


Short series Tap-Lok insert (left) 
is designed for applications where 





thickness of material prevents the 
use of the regular length insert 
(right). It is used where thread 
wear conditions exist due to re- 
peated assembly and disassembly in 
comparatively soft materials such 
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| | that you can use lighter sections, 
Re have greater strength, 





_ improve your product, save money 


wit) AMPCO™ Metal — 
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a 
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05% Deformation 
a 
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Examine these charts carefully 

— they tell a story that can save 
you money and put extra life and 
dependability into your product. 





Look, for instance, how othe: non-ferrous 
metals show a sharp decrease in mechanical 
values as casting cross-sections increase. 
Ampco remains practically constant — you 
require less metal. 








Section Thickness (inches) 







non- 
thickness 


A 





CHART REFERENCE 


Note Ampco’s unusually high tensile and 
yield strengths compared with conventional 
bronzes — you use lighter sections to do 
a better job. And Ampco Metal weighs 10 
to 15 percent less than other bronzes — 
so you can make important weight reductions 


A. Ampco Metal 
B. Tin Bronze (88-8-4) 
C. Red Brass 
D. Tin Bronze (85-5-5-5) 

E. Monganese Bronze 

F. Aluminum Alloy 

Fact is, Ampco Metal’s high strength-to- G. Silicon Bronze 
weight ratios can mean real savings for 
you — savings in material and money. 
Consult your nearby Ampco field engineer hia beni Citadines 
for full information or write us. ods and Westinghouse Electric Corp 





Elongation in Two inches (Percent) 


<> AMPCO METAL, INC. 


Dept. MD-5, Milwaukee 46, Wisconsin 






Sole Producer of 


Genuine Ampco Metal West Coast Plant: BURBANK, CALIFORNIA 
*Reg U S Pot Off Elongations (2”) of various non- 
ites ferrous metals vs section thickness 
» —ITEM 623— 
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~ A-L HOT EXTRUSIONS (solid and hollow) 


| 
| 


may solve problems for you 














Where can these leading advantages of hot-extruded special alloy steels 
apply to your production? 


ip one 1. Hot extrusions require very little finishing before use, even in the 
Ae / (Dest. MD-77) case of involved shapes. The scrap loss is small and you can buy raw 
e ——— materials closer to finish size. You buy less high-cost steel, cut away less 
of it . . . save both in time and material cost. 
We have a parts problem that hot 2. The range of shapes, solid or hollow, which can be hot-extruded is 
qatenasons anges seeve. Lets cenen Al. almost infinite. They can be easily and quickly produced in any quantity. 
NTE Soe aes aa Rpesee. Dies for new or experimental parts cost little and can be made up fast. 
| STAINLESS STEEL We're ready to serve your needs with hot extrusions in any grade of 
TOOL STEEL stainless or high temperature steel, many tool steel grades and other 
* steels. Call us in to help. Allegheny Ludlum Steel Corporation, Oliver 
] HIGH TEMPERATURE STECL Building., Pittsburgh 22, Pennsylvania. 
[] OTHER STEELS ® 
° e 
vine Leading Producer-High Alloy Steels 
pen Allegheny Ludlum 
Address — 4 y 
—ITEM 624— 
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a * APPROVED 
as aluminum, magnesium and plas- HEAVY-DUTY 


tics. The insert is also applicable 

to slightly harder alloy materials AIR CYLINDERS 

of magnesium and aluminum, per- 

mitting use of thinner bosses and for 

wall thicknesses to decrease weight . 

without penalizing tensile strength. | 

The short series is available in | OM Ley, 
hardened steel, stainless steel and | 

brass. Groov-Pin Corp., 1128 Hen- 


dricks Causeway, Ridgefield, N. J. 
—Circle ITEM 468 
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Fastener © af ee d | 


forms vibration-proof, 
watertight attachment 


This Well-Nut fastener provides an 
airtight, watertight seal when used ; : \w 
with panels too thin to be tapped . AA J 










— » 
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PATENT PENDING 





for a screw. It consists of a tough 
ee | | eS SSS SOE eS ee Se SS Ee Cee eee = 


brass nut bonded in one end and | PACKING CARTRIDGE 


a flange on the other. The fasten- 


er will not damage thin plastics, Cuts Downtime 









porcelain or glass and will not 
shake loose under extreme vibra- St 


tion. Assembly is made from one | S-P Heavy-l 
side only. Available diameters ep PSI e 
range from 5/16 to '%-in. with eR ntéee . e ' 
thread sizes 6-32, 10-32 and 14-20. ° B a : 
Rockwell Products Corp., 146 Cen- | ‘ * _ 
tral Ave., Newark, N. J. oss ‘ 
—Circle ITEM 469 " a 


Weld Nut 


can be positioned 
without jigs or fixtures 


* S-P Automation Cylinders were designed expressly for a 
large automobile manufacturer. They are thoroughly 
proven for automation and general heavy-duty applica- 
tions. Prompt deliveries. Send for Catalog 109. For S-P 
standard Air Cylinders, request Catalog 102. The S-P Man- 
ufacturing Corp., 12415 Euclid Ave., Cleveland 6, Ohio. 


Rectangular shape of this RN weld 
nut adapts it for installation on 









THE S-P MFG. CORP. — Cleveland 
A Bassett Company 


AN HYDRA AGi. ela ae oe WER 4 a 
on ee.) eee ae). VALY AN 


(Continued on Page 148) 
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FABRICATED 
RUBBER 


~ For the most 


PRE-FORMED 
SHOULDER AND FLARE 
MAKE CUP PACKINGS 

SEAL BETTER 





SPRING MOUNTED 





STANDARD STACK HEIGHT 


for “V" Packings 





LEATHER 


MACHINE DESIGN 














XUM 


advanced packing engineering 


VIX-SYN 
“O” RINGS 


Call HOUGHTON 


Houghton’s newly designed leather cup packings are pre- 
form: |. They fit the square corner normally found between 
the end of the piston and the cylinder wall. 

As a result, there is no distortion of the packings under 
operating pressure. They are not forced into a mew shape which 
would cause premature wear, fracture or breakdown at the 
heel. In addition, the sidewalls are molded with a slight flare 
which provides sufficient pre-loading for perfect sealing at 
minimum pressures. 





VIM #1243-3 
CuP 
PACKINGS 








vin STW 


VIX-SYN V" PACKINGS 


———— oe oe 














ed 

Provide Better Seal...Reduce Friction ...Increase Life | PACKINGS 

Houghton hydraulic. research has come up with one of the chief | 

answers to the problem of excessive friction, short cup life and ee 

chatter so often encountered in cup packing installations. Now, l 

instead of the squeezing action of tightly bolting the cup packing 

in place between the piston and the follower plate, you can | VIM “Vv” 

use a low pressure spring mounting which does not deform the 

cup and cause early failure. | PACKINGS 
RP ENSSOTN SSSA TRSI e 

Now we have standardized the stack height of a/] Houghton “V”’ VIX-SYN 


packings. This means that they are interchangeable with each | 

other in regard to stack height. Whether you use homogeneous “U" CUP 
rubber, fabricated rubber or leather “V's” . . . they'll fit! You 

can forget “‘special’’ dimensions, set up by various packing | PACKINGS 
manufacturers for particular types of packings. | 








VIM ery’? 
Houghton, which makes all types of hydraulic and pneu- PACKINGS 
matic packings, as well as a complete line of hydraulic 
oils and fire-resistant fluids. 
Standardize on Houghton. 
You'll get the newest first— 
and the best always. Call your 
Houghton Man and let him 
explain Houghton's Hydraulic 
Service. E. F. Houghton & Co., 
303 West Lehigh Avenue, 
Philadelphia 33, Pa. 





This leadership in hydraulic know-how is typical of | 
| 









Ready to give you 
on-the-job service... 
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provives tHE PUSH 





BEHIND THE PUSH BUTTONS 













TUTHILD trees 


L 





Powers Electro-Hydraulic Control 
On Automatic Vault Doors 


In step with today’s automatic 
age, this unique bank vault door 
operates by push-button control. 
To power the electro-hydraulic 
mechanism that controls this 
automatic opening and closing 
operation as well as lowering and 
raising the foot bridge, H-H-M 
engineers selected the Tuthill 
Model OOL, known the world 


TUTHILL 






PUMP COMPANY 


939 East 95th Street 
Chicago 19, Illinois 





over for its dependable per- 
formance. 

The dependability so essential 
for applications like this is en- 
gineered into the Tuthill Model 
OOL. Vertical ports maintain its 
prime. The mechanical seal con- 
tributes to quiet, leak-free per- 
formance and low power 
consumption. Precision manu- 
facture assures constant delivery 
of capacity required. And as a 
final guarantee of performance, 
every Tuthill unit is subjected 
to the most exhaustive tests be- 
fore shipment—to make them 
extra safe for safe service. 


Write today for complete 
data on Tuthill pumps for 
hydraulic service. 


See our catalog in Sweet's 
Product Design File 6b-Tu 


Canadian Affiliate: Ingersoll Machine & Tool Co., Ltd. 


Ingersoll, Ontario, Canada 
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Photos courtesy Herring-Hall-Marvin 
Safe Company, Hamilton, Ohio 





New Parts 


(Continued from Page 145) 





parts with narrow flanges or chan- 
nels as well as on tubular, flat, or 
beveled pieces. Precision pilot on 
the nut locates it to close toler- 
ances, eliminating the need for 
welding jigs or fixtures. Dual-line 
projections provide added strength 
where welds are subjected to ten- 
sion loads. Thread sizes available 
range from 6-32 to 32-16. Ohio Nut 
& Bolt Co., 33 First Ave., Berea, O. 

—Circle ITEM 470 


Plastic Laminate 
for printed-circuit panels 


Textolite Cold Punch 11570 is an 
insulating XXXP phenolic paper- 
base laminate which permits close 
registration punching at normal 
room temperatures. Printed circuits 
can be precision-punched, facilitat- 
ing the use of automatic assembly 
equipment in mounting compo- 
nents. Translucency of the laminate 
permits a visual check for accur- 
acy of circuit registration. Other 
properties include high flexural 
strength, low power factor, high 
heat resistance and optimum uni- 
formity. General Electric Co., Lam- 
inated and Insulating Products 


Dept., Coshocton, O. 
—Circle ITEM 471 


Miniature DC Motor 
provides 1/200-hp 
at continuous duty 


WM Moto-Mite de motor has out- 
side dimensions of 1% by 1% in. 
maximum. It can be wound shunt, 





series or split series. Series and 
split series motors can be wound 
for 115 v de operation; shunt mo- 
tor can be wound for 70 v de. Ar- 
mature windings are available for 
a variety of speed and torque char- 
acteristics, and either spur or 


MACHINE DESIGN 

















= MORE FACTS on why more and more leading manufacturers choose Link-Belt bearings 
. — 
45) Re Sheaves | 
an- M4 F . ; . 
or j ps ’ 
on othe ’ 
er- is 
for 
ne 
‘th | ' 
! 
n- | . 
dle 
ut POSITIVE rp from ! AUTOMATIC RELIEF OF- EX- 
moisture, and dirt is {| CESS GREASE PRESSURE is 
O. provided by: yee, ome 1 provided through lubrica- 
70 seals extending from i tion fitting and patented seal 
Ba inner ning. Alignin, ' arrangement. Sutra larpo 
: aces are enclosed a rease capacity extends lu- 
lubricated, assuring free | Erication Tneorvale. 
| alignment. ; 
| Es EEG sae Oatin caked a oabwnibawaa ign © ics 
' 
' ' 
' 
! 
in | ' 
' 
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se eat F z 
al thewet > ie) <— thrust 
S > ~ i 
t 
j ! 
y | 1 RUGGED HOUSINGS result 
“ a from yang — prac- 
Pp tices. Base is cored to as- 
e HIGHEST CAPACITY avail- | oof. stress-free, maximum- 
able to carry radial, thrust ' strength castin 
‘. or combination a thrust | a 
r loads is provided by single- , 
row, deep-groove design. i 
; ' 
n 
DIRTY CONDITIONS around this portable asphalt mixer 
“ manufactured b . E. McConnaughay Co., Lafayette, 
. Ind., make Link-Belt ball bearings the logical choice. 
3 
| grease sta YS In dirt out 
thanks to the effective sealing of 
Link-Belt ball bearings 
ERE’S an important extra only Link-Belt gives you on ball 
bearing blocks! /t’s an exclusive seal arrangement—all align- 
ing surfaces as well as rolling elements are fully lubricated and 
, sealed, assuring long, maintenance-free performance. 
All seals are self-: assurance that grease stays in, 
dirt stays out, regardless of alignment. The single-row bearing. too, 
is self-aligning—in all directions. Free rolling and full load ca- 
pacity are maintained despite shaft deflection or misalignment. 





— 




















Both Link-Belt ball and roller bearings offer the “fully-pro- 
tected” sealing feature. Choose from industry's most complete 
line of pillow blocks, flange, flange cartridge. cartridge. takeup 
and hanger blocks. Ask any one of the 40 Link-Belt offices for 


Data Book 2550. 


Ball and Roller Bearings 





Fok OF 


"4 LY & 
i4 
= 


San oy 














To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying Factory 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1 
New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; 


Branch Stores and Distributors in All Principal Cities. Export Office: 


South Africa, Springs. Representatives Throughout the World. 13.98 a 
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UNIVERSAL JOINTS 


Don’t go daffy 


\ looking for universal joints 





Te 


from distributors stock 






13 


sizes with 
bored or solid hubs 


You can get ASG Universal Joints directly 
from stock in 13 sizes with bored or solid hubs 
ranging in diameter from .375” to 4.000”. Spe- 
cial bores, bores with keyways or setscrews are 
available upon special order. 


ASG Universal Joints are ruggedly constructed 
of heat treated alloy steel. Matching or mating 
parts are precision ground to permit easy 
interchangeability of components. Self-locking 
retaining rings on small pins simplify assembly 
and disassembly. Joint of 7%” length and 
longer have snap ball oilers. Smaller joints 
have oil holes. Oil enters at center of rotation 
to assure thorough lubrication of moving parts. 


Send today for Bulletin No. 527 describing the 
full line of AS.G. Universal Joints available 


from your nearest distributor. 


AMERICAN STOCK GEAR division 


PERFECTION GEAR COMPANY @ HARVEY 
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planetary gear trains may be used 
as gear reduction. A governor can 
be provided for speed regulation. 
Wide range of speed control is at- 
tained by using a voltage divider. 
Motor meets rigid military require- 
ments, has rugged, light weight 
construction and high torque to in- 
ertia ratio. The motor can be en- 
closed for all environmental re- 
quirements, including radio noise 
shielding, and provides up to 1/200- 
hp at continuous duty and 1/75-hp 
intermittent duty. Globe Industries 
Inc., 1784 Stanley Ave., Dayton 4, 
Ohio. 

—Circle ITEM 472 


Bearing Housing Caps 
in 400 styles and sizes 





Cast-iron machine-finished housing 
caps meet most application require- 
ments of regular, snap-ring, sealed 
and shielded ball bearings as well 
as roller bearings. They are avail- 
able in 400 styles and sizes, in- 
cluding shallow and deep closed 
caps, open units, caps accommodat- 
ing standard spring-loaded seals 
for various shaft extension diam- 
eters, and units furnished with felt 
seals. Design Aids Co., 130 N. 
Seventh St., Newark 7, N. J. 
—Circle ITEM 473 


Trimming Potentiometer 


has 98 per cent 
usable range 


Subminiature Trimpot Model 130 
is equipped with solder-lug ter- 
minals to permit wiring direct to 
the unit, using simple soldering or 
dip-soldering techniques. Terminals 
are durable and can be bent at 
right angles to the body for easy 
installation. The instrument has a 


MACHINE DESIGN 
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New DynAC' stops motors 
instantly. ..without a ripple! 


Here’s dramatic proof of the smooth, controlled 
braking action of the new Westinghouse DYNAC 
braking controller. Motor stopped instantly—without 
disturbing the water in the glass goblet. “Grab- 
bing” or jerky stops are eliminated with DYNAC 
braking. 

Wherever rapid and/or controlled stopping is re- 
quired, DY NAC can not only contribute an important 
safety factor, but it can save you headaches—and 


money—on: (1) production time, (2) material rejects 
and spoilage, and (3) maintenance expense. 
Because it’s completely electrical, DY NAC requires 
no mechanical apparatus or motor linkage—it simpli- 
fies maintenance. And it comes in one compact, 
spacesaving enclosure. Get the facts on DYNAC’s 
many cost-cutting applications—with every type of 
standard induction motor. Use the coupon below 
for more information on DYNAC. J-30200 

















' 
| WESTINGHOUSE ELECTRIC CORPORATION 
SURE P P.O. Box 868, Pittsburgh 30, Pa. 
eoel IT 
you CAN BE SURE FITS | Please send me descriptive bulletins 15-600 and B-6572 on the 
* wi | new DYNAC braking controller. 
\ | 
Westi nghouse CED | tem 
Company___ er 
| Address__ — Z 
| k c 
| City iatiniiatie State 
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MICRO-FOG 
Model 33AF-16 
Lubro-Contro! Unit 


Easy to design 
into your 
machines—one 
lubricator does 
the job of many— 
provides controls 
to actuate 

an alarm system. 

























THE LATEST 


ADVANCEMENT IN 
CENTRALIZED LUBRICATION 


. +. for up to 1000 bearing inches* 


BEARINGS 
GEARS 
CHAINS 
CAMS 

SLIDES 

WAYS 

Other Machine 
Components 


AUTOMATIC MICRO-FOG LUBRICATION— 


The 33AF-16 Unit automatically cre- 
ates a finely divided air-borne oil fog 
which can be uniformly distributed 
through complex piping systems to 
multiple lubrication points. 

LARGE LUBRICATING CAPACITY—A single 
unit can completely lubricate even 
the largest machines—up to 1000 
bearing inches. 

AUTOMATIC ALARM CONTROLS—Two 
pressure switches and a float-con- 
trolled switch are provided to auto- 
matically actuate an alarm system 
or controls when air pressure fails, 
when excessive pressure develops in 
the oil reservoir, or when the oil sup- 
ply needs replenishing. 

COMPACT, COMPLETE UNIT — Although 
only 12” x 11” x 9” in size, this lubri- 
cator contains all necessary controls 
plus a 2-gallon oil reservoir—enough 
oil for 12 hours lubrication at maxi- 
mum MICRO-FOG output. 
AUTOMATIC DRAIN FILTER—Protects 
entire equipment from abrasive 
and corrosive air line contami- 
nants. Drains collected liquids 
automatically. 







3442 So. Elati St., Englewood, Colo. 





















y gl 


PRESSURE REGULATOR— Accurately 


regulates air pressure for most effi- 
cient lubrication. 


VISUAL OIL FEED—Oil feed dome on 
front of unit provides a quick visual 
indication of proper operation of 
lubricator. 


TWO AIR SUPPLY INLETS—Both are 14”. 
One is at left side, one in back of 
unit. The most convenient inlet can 
be used, the other plugged. 


FOUR MICRO-FOG OUTLETS—Three out- 
lets are 1144”, one is 2” with a female 
tapered thread. One or more may 
be used. 


AUXILIARY AIR TAKE-OFF—A 14” take- 
off is provided in top of unit to sup- 
ply air for pressure jet reclassifiers 
if required. 


SOLENOID VALVE—Coordinates opera- 
tion of the lubricator with starting 
and stopping of machine. 


TWO ELECTRICAL INLETS—For %%” con- 
duit —conveniently located at left 
end and at back of unit lead to 
splash-proof terminal compartment. 
Either or both may be used. 


*For complete data on Norgren MICRO-FOG 33AF-16 
Lubro-Control Unit, call your nearby Norgren Repre- 
sentative listed in your telephone directory—or WRITE 
THE FACTORY FOR BULLETIN 531. 





Where Air it Used in Gndusoy 
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98 per cent usable potentiometer 
range, and is adjustable over 25 
turns of the lead screw. Available 
in 11 standard resistances from 10 
to 20,000 ohms, in resolutions from 
2.0 to 0.02 per cent, the potentiom- 
eter meets or exceeds most appli- 
cable government § specifications. 
Bourns Laboratories, 6135 Mag- 
nolia Ave., Riverside, Calif. 
—Circle ITEM 474 


Adjustable Latch 


for use in materials 
to 0.150-in. thickness 


Available in both round and wing- 
head types, this panel fastener is 
well suited for use on electronic 


Ro 


equipment and instruments, and on 
closures requiring quick access. It 
can be used in materials up to 
0.150-in. thick. Operating with a 
quarter turn, the latch requires no 
striker plate. Additional torque, 
applied after the fastener is en- 
gaged, pulls up the door to form 
a seal and eliminate vibration. Ny- 
lon pawl offers long life and 
smooth operation. Weight is 14-0z 
for the round head and 1%-oz for 
the wing-head style. Latch is avail- 
able in No. 8 and 10 screw sizes. 
South Chester Corp., Southco Div., 
200 Industrial Highway, Lester, Pa. 

—Circle ITEM 475 


Laminated Plastic 


resists high temperatures 


G-7-2 glass silicone laminated plas- 
tic shows high hot strength and 
good color fidelity, low water ab- 
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WHEN YOU NEED A BEARING—remember this: 
TORRINGTON makes every basic type of anti-friction bearing 


When there isn’t a bearing big enough or small enough 
to do the job you want... 

TORRINGTON will build it for you to the size and tolerances 
you need. 


When you have a special problem... 


\ Torrincron ENGINEER will consult with you and recom- 
mend a bearing that’s best for the job. You can rely on 
his judgment because bearings are his business and he has 


TORRINGTON BEARINGS 


Cylindrical Roller ° Needle ° Ball ° 


Spherical Roller Tapered Roller 


the backing of engineering staffs at Torrington, Conn., 


and South Bend, Ind. 


We're proud we can offer our customers a service of such 
breadth and depth. 


THE TORRINGTON COMPANY 
South Bend 21, Ind. ° Torrington, Conn. 


District offices and distributors in principal cities of United States 
gaara. 
‘s 
Le) 
ANNIVERSARY 
65. 


we 


and Canada 


Needle Rollers 








(Advertisement) 


Flash-Butt Welding 


What is 
Flash-butt Welding? 


Flash-butt welding is a resistance 
welding process for end to end join- 
ing of rods, tubes, bars, forgings, 
fittings, etc., to achieve the greatest 
possible strength. It is accomplished 
by positioning the pieces to be joined 
with clamping electrodes so that 
there is initially light contact between 
abutting edges (Fig. 1). 


CURRENT 


ARC A 
W/ 





















AW 





CLAMPS 
Flashing 


CURRENT 


FORCE Y 














CLAMPS 
Upset 


Fig. 1. Flash-butt welding process. 
Introduction of the current causes 
flashing which generates great heat. 
As the metal is burned away the 
pieces are moved together in an ac- 
celerating motion. Thus, uniform 
flashing action is maintained for the 
most efficient heating process. When 
the inner faces obtain the proper 
temperature, they are forced together 
under high pressure and the current 
is cut off. The impurities (oxides, 
slag, etc.) formed during flashing are 


Largest Manufacturers 
of Resistance Welding Machines in the World 


How to Use It to Improve 
Product Design and Quality 





Fig. 2. Macrograph of 2” O.D. x .095” 
wall of 4140 alloy steel tubing flash- 
butt welded on a Sciaky Type BMW. 
3-400 machine. 


forced out in the upset action leaving 
pure base metal to form a high 
strength bond (Fig. 3). 


Advantages 
of Flash-butt Welding 


Flash-butt welding offers a 100% 
strength factor compared to 80% 
strength factor for flame and arc 
welds. Further, no extra material 
such as gas, rod, or flux is required. 
The material itself forms the weld. 

Flash-butt welding has low power 
demand and power consumption. 
Higher production speeds are more 
readily achieved with this process 
than with any other fastening method. 
The localized heat minimizes part 
distortion. Generally, no special prep- 
aration of the weld surfaces is 
required. 

Simplicity and effectiveness of 
the Sciaky Flash-butt weld technique 





Fig. 3. Destruction test on extruded 
aluminum miter joint. Note that fail- 
ure is in parent metal, not in the weld. 





SSHiany 


reduces multi-step fastening opera- 
tions to just one. One operator (not 
skilled) can consistently produce 
high quality welds. 

Dissimilar metals with widely 
varying melting temperatures are 
easily flash-butt welded. 


When to Design 
for Flash-butt Welding 


Whenever ideal flash-butt welds are 
required, the size and shape of the 
parts to be welded should be identi- 
cal. However, a maximum of 15% 
variation in end dimension is usually 
permissible for commercial usage. 
New applications for this process are 
opening up every day. Often little, or 
no change in existing design allows 
conversion to high production flash- 
butt welding. 


New Research Center 
for Your Design Problems 


Sciaky’s new three-quarter million 
dollar Research Center is equipped 
with the most advanced resistance 
welding machines, testing instru- 
ments, and trained personnel. The 
entire facility is devoted to solving 
your joining problems and advancing 
the application and development of 
resistance welding. The Research 
Center invites you to submit your 
fastening design problems. 


Build Your Data File 
with Free Sciaky Literature 


Write today on your company letter- 
head describing your particular field 
of interest. We will send suitable back 
issues (as well as future issues) of 
our “Resistance Welding At Work” 
publication, showing typical design 
problems solved by this method of 
fastening. All contain impressive case 
history examples of Sciaky basic 
thinking—resistance welding tech- 
niques designed to do more useful 
work at lower operating costs with 
maximum reliability. 


=.) 


Sciaky Bros., Inc., 4939 West 67th Street, Chicago 38, Ill., Portsmouth 7-5600 
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New Parts 





sorption, low wet power factor and 
high dielectric strength. Heat does 
not noticeably affect its mechanical 
and electrical properties. Useful 
in electrical and electronic applica- 
tions, the laminate is available in 
sheets up to 36 x 72 x 2 in. For- 
mica Co., 4614 Spring Grove Ave., 
Cincinnati 32, O. 

—Circle ITEM 476 


Multi-Element Relay 


has mercury-wetted contacts 


Loads ranging from the micro- 
watt level to 1,-kw can be switched 
by this multi-element relay. Con- 
tact resistances of less than 40 





milliohms are obtained by use of 
mercury-wetted points; resistance 
remains constant within 1 milliohm 
over the life of the relay, estimat- 
ed to be 1 billion cycles. Switch 
contacts in 2, 3 and 4-pole models 
are hermetically sealed and hydro- 
gen pressurized in glass envelopes. 
Contact rating is 5 amps or 500 v. 
Maximum operating rate is 60 cps 
and speed is 5 millisec; faster op- 
erating speeds can be obtained 
through suitable circuitry. Octal- 
style plug bases or solder terminals 
can be furnished. C. P. Clare & 
Co., 3101 Pratt Blvd., Chicago 45, 
Ill. 

—Circle ITEM 477 


Way Protector 


has metal-supported 
neoprene convolutions 


Designed to protect machine tool 

ways, such as in grinders, millers 

and boring machines, from chips 

and dirt, this neoprene-base way 
(Continued on Page 158) 
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a better kind of power 


FOR INDUSTRIAL MACHINES 


The mark of an 
Extra Dependable 
machine 





















From America’s foremost 
producer of custom 
designed motors come 
these premium-built, extra 
dependable E.D. “power 
packages ”for general 
industrial use—75 years 

in the making—yours 
today at no extra cost! 


1 fo 250 hp. AC and DC. 
N.E.M.A, standards. 


LECTRO 
oe YNAMIC 


ependable mofors x 
PRODUCT OF GENERAL Sven 






NEW... 


Write for 
Brochure 100 





and literature on 
new E.D. motors 
and drives. 


Electro Dynamic division of 
General Dynamics Corporation 
Bayonne, New Jersey 











. “Selectrol” Variable Speed Drives 
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ALUMINUM ) 


Roll Formed Shapes 
from REYNOLDS 


for economy, design freedom, dimensional 
accuracy and better finishes 

















REYNOLDS aR ALUMINUM 
FABRICATING SERVICE 


MACHINE DESIGN 


Rolling from coil stock permits savings 
that are impossible when working from 
flat sheet. Therefore, if you are fabricating 
a complex shape from flat sheet, or if you 
require a shape in long lengths, it will pay 
to switch to aluminum roll formed shapes 
from Reynolds. 

Reynolds roll forming can produce a 
wide range of easily fabricated shapes that 
aid in design flexibility. Closer tolerances 
on Reynolds roll formed shapes mean di- 
mensional accuracy; better as-fabricated 
finishes often mean a more attractive prod- 
uct without additional finishing operations. 


However, if an unusually high quality 
finish is important to the sales appeal of 
your aluminum product, Reynolds is your 
best source for clear anodized, color ano- 
dized or chemically brightened finishes on 
roll formed shapes. Reynolds new ex- 
panded finishing facilities go hand in hand 
with Reynolds sizable investment in roll 
forming machines and tooling. 

Fordetails contact yournearest Reynolds 
Office listed under “Aluminum” in your 
classified telephone directory or write 
Reynolds Aluminum Fabricating Service, 
2061 South Ninth Street, Louisville 1, Ky. 








XUM 





The Finest Products 
Made with Aluminum 


are made with 


Write for your free copy of 8&page brochure, 


“Aluminum Roll Formed Shapes by Reynolds”. WAST TTI ON ETE 


See ‘‘FRONTIER", Reynolds exciting dramatic series, Sundays, NBC-TV 


BLANKING e EMBOSSING e STAMPING e DRAWING « RIVETING 


FORMING e ROLL SHAPING e TUBE BENDING e WELDING e BRAZING e FINISHING 
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Is your production 
barometer 


“RISING” PERCENTAGE WITH 
POWER DRIVEN 
SCREWDRIVERS 
and SELECTIVE PARTS FEEDERS 















Widely Adaptable to 
Individual Requirements 


@ Are you using DPS Power Equipment? 
if not, we urge that you get full details now 
. If you have a difficult problem, don’t 
hesitate . . . Thirty years of experience with 
thousands of different applications . 
will enable us to cope with it and supply 
you with machines engineered to fit your 
needs. Progress demands DPS methods... 
Necessities in modern production where 
speed, economy and handling at minimum 
cost are so important... We can help you 
. Write today . . . Ask for catalog. 


5 SCREWDRIVING MA- 
CHINES, Bench and Pedesto! 
types. Model A piciured. 





BARREL FEEDER conven- 
tional type, for parts re- 
quiring critical selection. 


BARREL FEEDER with station- 
ery ring cover, for heavy- 
duty, large production runs. 


BOWL FEEDER, Vibratory 
type, to select and feed 
smaller, fragile ports. 


DETROIT POWER SCREWDRIVER CO. 





2801-A W. FORT ST. DETROIT 16, MICHIGAN. 
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protector has its convolutions in- 
dividually supported by metal 
bridges. Brass reinforcing grom- 
mets, integral with the convolu- 
tions, maintain freedom of the way- 
protector travel on top-supporting 
guide rods. Bottom of the protector 
extends over the edge of the bed, 
preventing entry of dirt. End 
mounting plates, for attachment to 
bed or tool frame, are cut from 
aluminum plate. Protector illus- 
strated is 4 in. closed, 18 in. ex- 
tended. A&A Mfg. Co. Inc., 2017 
W. Clybourn St., Milwaukee 3, 
Wis. 

—Circle ITEM 478 


Torque Converter 


has interchangeable impeller 
for close engine-torque match 


New 1500 series _ single-stage 
torque-converter line is designed 


re 7 





. 


for engines rated from 30 hp at 
1150 rpm to 198 hp at 2400 rpm. 
Torque ratings range from 165 to 
330 lb-ft, depending upon the im- 
peller blading selected by the user. 
Close match of engine and torque 
converter is ensured since an im- 
peller with an optimum number 
of blades and pitch can be supplied 
in the standard housing. A variety 
of input and output configurations 
is available in the series 1500 unit. 
Typical applications include front- 


MACHINE DESIGN 





what makes this fastener 


DIFFERENT? 





Several things. Rollpin® is a slotted, chamfered, 
cylindrical spring pin which drives easily into a 
hole drilled to normal production standards. It 
locks securely in place, yet can be drifted out and 
reused whenever necessary. This eliminates 
special machining, tapping, and the need for hole 
reaming or precision tolerances. Rollpin replaces 
taper pins, straight pins and set screws; for many 
applications it will serve as a rivet, dowel, 

hinge pin, cotter pin or stop pin. 


And here’s another difference that makes Rollpin 
the quality fastener in the field: ESNA’s quality 
control builds consistent strength and 
performance into every Rollpin. Rollpin is 
uniform as to shear strength, dimensions, 


— hardness, and insertion and removal forces. 





HOW YOU INSERT IT 











| 

| ! 

| | 

| | 

| ! 

| | 

| | 
Drives easily by hammer, arbor press, or air Locks securely in place without using a sec- Removes readily with a drift pin without dam- 
cylinder and can be readily adapted to an ondary locking device; won't loosen despite im- age to pin or hole, can be used again ond 
automatic hopper feed. Requires only a stand- pact looding, stress reversals, or severe vibro- again in original hole. 
ard hole, drilled to normal production-line tol- tion. 
erances. 


HOW YOU SAVE 


You pay less for Rollpins than for most tapered, notched, 

grooved or dowel pins. Installation costs are substantially 
less than for any fastener requiring a precision fit or sec- 
ondary locking operations. 

Because of their tubular shape, Roilpins are lighter 
than solid pins. Production maintenance is reduced with 
Rollpins: they do not loosen and because of their spring 
action they tend to conform to the drilled hole in which 
) they're inserted, without material hole wear, eliminating 
the necessity of re-drilling or using oversize pins. 













ELASTIC STOP NUT 
CORPORATION OF AMERICA 





| Dept. R40-54, 2330 Vauxhall Road, Union, New Jersey 
| Please send me the following free fastening information: 
MATERIALS AND SIZES Aas 
° | Rollpin Bulletin Here is a drawing of our product. 
Standard Rollpins are made from carbon steel and Type | Elastic Stop nut Bulletin What — fastener would | 
. > ° ° OV SU es 
420 corrosion resistant steel. They're also available in | ‘ ati 
beryllium copper for applications requiring exceptional — i a Title 
resistance to corrosive attack, good electrical, anti-mag- Firm 
netic, and non-sparking properties. Stock sizes range from Street 
.062” to .500” in carbon and stainless steels. | City ee te ales : =m 
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JOT NAME, TITLE AND ADDRESS IN THIS SPACE 
TO START YOUR FREE NELWELDER SUBSCRIPTION 4 


stud welding. 





Complete photo of 
this fighter pilot 
appears on the front 
cover of the June 
NELWELDER, indus- 
try’s magazine of 








i ite 












JET-SPEED STUD WELDING 
DOWNS COSTLY FASTENING 


A 
my 


NELSON 


onan) f Gregory 
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end loaders, industrial lift trucks, 
bucket loaders and yarders. Twin 
Disc Clutch Co., Hydraulic Div., 
Rockford, III. 


DC Ston Clock 


measures time intervals 
to +0.20 per cent 


Chronometrically governed dc mo- 
tor in this series K15500 stop clock 
permits measurement of time in- 
tervals to +0.20 per cent of read- 
ing over an ambient temperature 
range from —55 to 85 C. Electrical 





reset allows local or remote con- 
trol or automatic operation for 
measuring successive time inter- 
vals. Weighing 23 oz, the unit is 
enclosed in a hermetically sealed 
housing with either AN-type or 
flanged mounting provisions. Oper- 
ating voltage range of motor and 
clutch coil is 20 to 30 v de, and ac- 
curacy of time interval measure- 
ment is independent of voltage. 
A. W. Haydon Co., 232 N. Elm &t., 
Waterbury, Conn. 

—Circle ITEM 480 


Polystyrene Formulations 


are general-purpose plastics 
with improved characteristics 


New members added to the poly- 
styrene family of plastics are: Sty- 
ron 440 with high heat resistance, 
excellent surface finish, good 
moldability, and high impact re- 
sistance — applications include ra- 
dio cabinets, calculator housings 
and automotive parts: Styron 665, 
a general-purpose polystyrene with 
characteristics tailored for the ex- 
trusion process—formulation re- 
sists shattering or cracking when 
cut off after extrusion, and can be 
employed for general-shape ex- 
trusions, bristles and thin film: 
Styron 689, developed for thin-sec- 


Facing Page—ITEM 640—> 
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SOLENOID 
VALVE 


2 MOTOR 
FILLER CONTROL 


PHOTOELECTRIC 
CONTROL 








FREE— 45 more ideas — Get this 76-page 
book. Shows in detail how designers of 
machines for many different industries have 
employed standard packaged electronic con- 
trols. Tells how they found new opportunities to 
reduce costs through simplification of design 
..+ how they developed order-getting user 
advantages. Shows you how easy it is to apply 
Photoswitch Controls for sorting, counting, start- 
ing, stopping, inspecting, indexing, adjusting, 
weighing, timing, limiting, safeguarding, etc. 


SEND FOR YOUR COPY NOW } 


FIREYE 


PHOTOCONDUCTOR-TRANSISTOR DIVISION * MARINE 


KUN | 










Another cost-reducing 


Automatic 
Control 
(i 


from the largest Specialists 
in Photoelectric Controls 


BEAN HOPPER 
















POWERED 
CONVEYOR 





Photoelectric Control of Batch Filling Process 


Problem: To provide accurate, fast, fully-automatic control of filling 
aluminum bean-baking pots. 


Solution: Empty pots move along a conveyor until one of them breaks 
the light beam of the photoelectric control at the filling station. The 
resulting electrical signal impulses a pre-set electronic timer. The timer 
instantly stops the conveyor, positioning the empty pot under the filling 
mechanism, and starts the automatic cycle of the filling mechanism. 
In the filling cycle, a filling-port cover is retracted, a measuring ram 
pushes a quantity of beans into the pot, and the filling port closes. 
At the end of the timed cycle, the timer automatically starts the conveyor 
again, the filled pot is moved away, and the light beam is restored until 
the next empty pot reaches the filling station. 

Results: Reliable, high-speed filling of containers that are too light to 
provide sure operation of mechanical actuators. The timed cycle can be 
varied to allow for different filling times. 

This control design is typical of thousands of successful Photoswitch 
Systems for automatic electronic control of machinery and processes. 
In Photoswitch’s wide variety of high quality photoelectric controls, 
liquid level controls and electronic timers, you will probably find an 
exact answer to your automation requirements. Write for the helpful 
new Photoswitch Catalog . . . and if you have a specific problem, 
tell us about it. 


Photoswitch oivision 


ELECTRONICS CORPORATION OF AMERICA 
Dept. P2-5, 77 Broadway ° Cambridge 42, Mass. 


Send FREE copy of “Cutting Production Costs with Electronic Controls.” 


Name and Title................. 

EE en eo seniiadiatieliaiaaii 
Address iconic 
City — Ee 





DIVISION * COMBUSTION CONTROL DIVISION * BUSINESS MACHINES DIVISION 


DIVISION * MILITARY DIVISION 















4 
SECTIONAL — Simplest 
weave, for light loads 
where low initial cost is 


desired. 






a 
BALANCED— High tensile 
strength, low ultimate cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel. 





ROD-REINFORCED — 
Highest tensile strength 
and low thermal capacity. 
tt is recommended for 
high temperatures, up to 
2100°F. Undergoes mini- 


mum elongation and width 
contraction, 


DUPLEX — Compact struc- 
ture of great density pro- 
vides high tensile strength. 
The close mesh provides 
smooth surface for carry- 
ing smoll parts and plastic 
materials. 


‘ee a al ata 





GRATEX—Close spirals 
retain the advantages of 
Balanced weove, while 


adding strength. For cold, 
medium and some high 
temperoture applications. 





tee: 
O44 





DOUBLE BALANCED— 
A widely used weave com- 
bining open mesh of Bol- 
enced weove with the 
strength of Grotex. For 
cold, medium, some high 
temperature applications. 





MULTI-STRAND 





corouroY 





INTERWOVEN 





How to select 


WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 
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As you know, woven wire conveyor belts are | 
widely used for combining movement with processing | 
in many continuous operations—heat treating metal | 
parts; washing, blanching and freezing food prod- | 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts. 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product to be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements—type of drive, sel- 
vage, support and special surface attachments must 
be selected. 


You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple ‘“‘nuts and bolts” job. Ramifications build up 
rapidly to demand the service of a specialist. That’s 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under “‘Belting, Mechanical’ in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 





design information. 


THE CAMBRIDGE WIRE CLOTH COMPANY, 
DEPT. N, CAMBRIDGE 5, MARYLAND. 
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tion molding, deep draws, and 
other uses where accurate dimen- 
sional control must be maintained. 
This formulation is well suited for 
high-speed automatic molding oper- 
ations and for large-area parts. 
Dow Chemical Co., 919 Jefferson 


Ave., Midland, Mich. 
—Circle ITEM 48) 


Gear Reducer 


has glass fiber case 
and nylon gears 


Model SW-1 gear reduction unit for 
use with fractional horsepower mo- 
tors has a polyester glass fiber 
case, nylon gear and steel worm. 





Reducer is available in seven sizes 
with speed reductions from 54:1 
to 60:1. Solid and hollow style 
shafts are furnished. The hollow 
style is mounted as an integral 
part of the product with which it is 
used. Cases are available with or 
without mounting feet. Rampe Mfg. 
Co., 14915 Woodworth Ave., Cleve- 


land 10, O. 
—Circle ITEM 482 


Snap-Action Switch 


withstands temperatures 
from — 65 to 250 F 


Klixon waterproof sine switch, des- 
ignated Series C9180, is applicable 
where high shock and vibration re- 
sistance is required. Enclosed in a 
silicone rubber overmold, it is fully 
protected from water, oils, chemi- 
cals and dust, and operates accur- 
ately at temperatures from — 65 to 
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A new dimension in motors! 


SHORTER 






Performance Rated motors 


SAVE SPACE... 
SAVE WEIGHT 


This new line of shorter, round- 
frame, end-mounted motors by 
Century can give you greater free- 
dom in design and engineering. 
They meet modern demands for 
compactness and weight-saving 
... with even better performance. 


No special mountings are re- 
quired! These shorter Century 
motors have full-size NEMA 
“D” flanges. They are inter- 
changeable with all other popular 
makes of standard end-mounted 
motors. The shorter motors are 
available in sizes from 1 to 15 
H.P. ..in open or totally enclosed 
fan-cooled frames .. . for vertical 
or horizontal applications. 


For full data, call your nearest 
Century Sales Office. 





Performance Rated© 


CENTURY ELECTRIC COMPANY 





MOTORS 
Ye to 400 H. P. 
3 1806 PINE ST., ST. LOUIS 3, MO. © Offices ond Stock Points in Principal Cities 
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Carry On 
During Temporary 
Lubrication 


Failures 


SUPERIOR SERVICE 


OR MONEY BACK! 


SEND PRINTS 


and condition of opera- 
tion for recommenda- 
tions and quotations. 
No obligation. 





Special formulas, developed for 
specific or unusual 

conditions, assure the best 
combination of physical 
properties. Will not cut, or stick 
to the shaft under ordinary oper- 
ating conditions, nor powder 


under the most 
~ 
— 
Cueible 


severe service. 


Send for 

free literature 
and service 
data sheets. 


THE 


Amouran 
PRODUCTS 


“Bearing Specialists Since 1919"" 


1321 OBERLIN AVENUE, LORAIN, OHIO, U.S.A. 


Please send free literature and serv- 
ice data sheets on Promet Bronze. 





co. 
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250 F. Switch is also available with 
neoprene or vinyl overmold where 
ambient temperature ranges are 
not great and where abrasion re- 
sistance or low costs are determin- 
ing factors. Minimum life is 25,000 
cycles with rated load on both con- 
tacts when tested in accordance 
with military requirements. The 
switch has shock resistance to 200 
g's and vibration resistance from 0 
to 500 cps at 20 g’s. Available with 
single-pole, single-throw or single- 
pole, double-throw switch action, 
the unit is approximately 7/16-in. 
high. Metals & Controls Corp., 
Spencer Thermostat Div., 34 For- 
est St., Attleboro, Mass. 

—Circle ITEM 483 


Impulse Counter 


has counting speed 
to 10 impulses per second 





Sodeco six-digit electrical impulse 
counter with instantaneous elec- 
trical reset has side angle brace 
construction to provide strength. 
Suitable for flush mounting, it 
measures 15g x 23g x 4% in. 
Standard model has a counting 
speed to 10 impulses per second; 
special models are also available 
with speeds to 25 impulses per 
second. Power requirements are 
low. Reset voltage can be different 
from the impulse voltage. Landis & 
Gyr Inc., 45 W. 45th St., New York 


36, N. Y. 
—Circle ITEM 484 


Foot Switch 


T he abbot 
ano the 
Mausclebound 


F. ile Clerk 





The abbot studied the snapshot 
sympathetically and read the 
scented letter. “You must help me, 
kind sir,” it pleaded. “For years 
I've struggled with overloaded, 
sticky file drawers. Look at me! 
I’m so musclebound people think 
I'm a lady wrestler instead of a file 
clerk.” 

The little man had a ready an- 
swer, this time. Seating himself at 
his photo-electronic typewriter, he 
wrote, “Ask your employer to in- 
vest in up-to-date files equipped 
with drawers that glide — smoothly 
and effortlessly — on ABBOTT 
Deep Hardened and Tempered car- 
bon steel bearing balls. They open 
and close at the touch of a finger!” 

Abbott bearing balls have un- 
limited uses because they possess 
great shock resistance and perform 
efficiently under high load factors. 
These special properties come from 
Abbott’s unique manufacturing 
processes and quality control which 
amply justify the name... 
ABBOTT — “the Ball with the 

| Armored Heart”. 

Have you a knotty problem which 
the abbot may solve with his vast 
knowledge of “The BALL — its 
nature and applications’? Write 
him about it at... 


f 


agpot 





NAME __ for light-duty use 
a Class 9002 Type CG-1 foot switch 
CITY & STATE is a two-pole type with double- The ABBOTT BALL Company 
SS break contacts. Designed for a 50 Railroad Place, Hartford 10, Conn. 
—ITEM 643— —ITEM 644— 
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Help bring out the best in the 


You have that feeling of confidence in the per- 
formance of the machinery and equipment you 
build when you entrust the various power transfer 
and drive duties to DIAMOND Roller Chains. 


For simple applications or drives of fractional 
or a thousand horsepower, the smooth opera- 
tion, long-life dependability and high maintained 
efficiency insure top steady output. 








ee. 
~ aia ie, 


Now is a good time to re-examine your de- 
signs,—a good time to take advantage of practical 
recommendations the experienced Diamond 
Engineering Staff can offer. 


DIAMOND CHAIN COMPANY, Inc. 
Where High Quality is Traditional 
Dept. 435, 402 Kentucky Ave., Indianapolis 7, Indiane 
Offices and Distributors in All Principal Cities 


ROLLER 
CHAINS 
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indexing 
Mechanism 
in Air-Maze 
Automatic 
Air Filter 











---controlled by a 





SPRING CLUTCH 


Air-Maze Corporation selected Marquette 
Spring Clutches to assure positive, trouble- 
free operation of its Automatic Air Filters. 
The metal filter forms an endless curtain, 
passing through an oil bath in the bottom 


ditions require. 

Marquette Spring Clutches are compact. 
They maintain their efficiency almost in- 
definitely. And they cost less than other 
types of clutches! 


There are no restrictions on torque. 
Actual designs range from 6 in. lbs. to 
25,000 ft. Ibs. Speeds range from 1 to 
10,000 r.p.m. 


| 
OVER-RUNNING or FREE-WHEELING CLUTCHES e INDEXING CLUTCHES 


BI-DIRECTIONAL NO-BACK BRAKES e REVERSING CLUTCHES 
SINGLE REVOLUTION CLUTCHES e DELAYED ACTION CLUTCHES 


See us at the Design Engineering 
Show — Booth No. 605. 






MARQUETTE METAL PRODUCTS DIVISION 


CURTISS-WRIGHT ( 


CORPORATION © CLEVELAND 10, OHIO 


MARQUETTE METAL PRODUCTS DIVISION 
1141 Galewood Drive, Cleveland 10, Ohio 


Please send manual describing the functions, applications 
and operations of the basic types of Spring Clutches. 


COMPANY 





NAME TITLE 





ADDRESS. 
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variety of light-duty uses, it can 
control a 1-hp motor at 110 or 220 
v ac. Applications range from con- 
trolling home workshop tools to 
small industrial machine tools. 
Square D Co., 4041 N. Richards St., 
Milwaukee 12, Wis. 

—Circle ITEM 485 


Silicone-Rubber Heaters 


can be cemented to any surface 
with commercial adhesives 


Thermolastic heaters of silicone rub- 
ber, with dissipation ratings ex- 
ceeding 30 w/sq in., can be fur- 
nished with flat, cylindrical or 
conical shapes. Sizes run from 
sq in. to 10 sq ft, and thicknesses 
range down to 0.020-in. Operating 
temperature limit is 446 F; dielec- 
tric strength is 2000 v dc minimum. 
Heaters can be cemented to any 





surface by means of room-tem- 
perature curing adhesives. Cox & 
Co. Inc., 115 E. 23rd St., New 
York 10, N. Y. 

—Circle ITEM 486 


Metal Mount 


has natural frequency 
of 7 to 10 cps 


W339 Adjust-O-Mount protects in- 
dustrial machinery against vibra- 
tion and shock. Having a diameter 
of 7}} in., the mount is available in 


MACHINE DESIGN 
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To install 
HYLUG on 
rectangular wire... 















Pre-round wire 
to circular 
section... 


Insert 
pre-rounded wire 
get into HYLUG . . . 
O- 
fp * —_ 







around ae : 

your : 

magnet 

wire 

problems ae 
“quad” indent 





with 
the 


MAGNECRIMP METHOD 


FOR PRE-ROUNDING MAGNET WIRE TO FIT STANDARD LUGS 





Until now, terminals have been trouble spots sizes up to 1/0 round re-shapes conductors 
in magnet wire conduction. Now, the new singly or in combinations. Wire and Hylug 
Burndy Magnecrimp method provides inex- forma tight joint. No wasted metal from over- 
pensive compression terminations of maxi- sized lugs. 

mum conductivity and mechanical strength The pre-formed wires in the Hylug are then 
..- and resistant to corrosion and vibration, ¢ompression-connected with a standard 
too. Burndy quadrangular crimp. Rounding and 
*‘Magnecrimping” pre-rounds square or rec- compression work-hardens the copper wire, 
tangular magnet wire to the proper size for strengthening the joint up to 90% of rated 
standard Burndy Hylugs. A compound die for breaking strength of conductor. 


For more detailed information, send for Burndy Bulletin MAG 55. For recommended die sets and terminals, write: 


BURNDY 


Norwalk, Connect. ¢ Toronto, Canada ¢ Other Factories: New York, Calif., Toronto ¢« Export: Philips Export Corp. 
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Screw-Lock Inserts meet AN-N- 
5b and MIL-N-25027 military 
specifications for lock nuts. 


‘ HELI-COIL CORPORATION 
@ 125 SHELTER ROCK LANE, DANBURY, CONN. 
( NEW—Design manual available on regular Heli-Coil 


Screw Thread Inserts. 
(C1) RUSH complete design data on Heli-Coil Mid-Grip Screw- 


168 


iNT ERNAL 
Lock 





For years designs requiring 
lock nuts or lock wiring have plagued 
designers with problems of space, 
weight and costs. Each lock nut, even 
a small one, takes space, has weight 
and costs money. Every bolt locked 
with wire requires a through hole in 
the head, positioning and wiring. The 
simplicity of many a superior design 
has been lost due to these cumbersome 
methods of fastening. 

Now for the first time good designers 
can do away with these “design 
plaguers.” They can accomplish the 
same end results plus a saving of 
weight, space and money by a new 
revolutionary concept in fasteners — 
Heli-Coil Mid-Grip Screw-Lock In- 
serts. This new fastener is a stainless 
steel wire insert with locking threads. 
It can be installed easily and puts the 
locking effect inside the tapped hole 
— protects the tapped threads for life 
—and locks the mating screw or the 
bolt with the same torque as a lock 
nut. This Screw-Lock Insert not only 
provides a stainless steel protecting 
thread, locks the screw or bolt, but 
most important of all — eliminates the 
space and weight of a lock nut—the 
wiring necessary in lock wiring. 

Heli-Coil Mid-Grip Screw-Lock In- 
serts can readily be distinguished from 
regular non-locking Heli-Coil Inserts 
by their distinctive red color. 

*Reg. U.S. Pat. Off. 


CREW-LOCK INSERTS 


percoll 
Products of Heli-Coil Corperation, Danbury, Conn. 


Lock Inserts. 


() WIRE your neorest representative to phone me at 
[) Send me, FREE, Heli-Call, your case history periodical. 




















Nome Title. 

Company _ 

Address — 

City Zone Stote___. @ s0ss 


(1) Heli-Coil Corporation has an outstanding staff of Thread Fastening Engineers. if 
your company would be interested ina “Thread Problem Symposium” CHECK HERE. 


C28 8 Oe Oe Oe Ee Oe Oe OST Oe eC eT TT TET ETE SESS 


IN CANADA: W. R. WATKINS CO. LTD., 41 Kipling Ave. S, Toronto 18, Ont. 
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three models with load carrying 
capacity range of 1000 to 10,000 
lb per unit. Natural frequency of 7 
to 10 cps effectively absorbs vibra- 
tion shock and noise. Stainless- 
steel resilient elements offer maxi- 
mum damping and ensure long 
life. Performance is unaffected 
by oil, water, solvents, dust or ex- 
treme temperatures. Built-in level- 
ing bolt and jam nut permits quick 
installation on uneven floors. The 
mount can also be used in con- 
junction with inertia blocks for 
machines with high center of grav- 
ity. Robinson Aviation Inc., Teter- 
boro Air Terminal, Teterboro, N. J. 

—Circle ITEM 487 


Fluorocarbon Plastics 


in treated sheets for 
cementing to wood or metals 


Specially treated on one or both 
sides, Califilm sheets (Flurothene, 
Kel-F) and Kelon-F sheets (Kel-F) 
can be bonded with commercial ad- 
hesives to steel, aluminum, wood 
and a varietv of other materials. 
The sheets have excellent electrical 
and thermal properties and form a 
low-friction, corrosion — resisting 
surface on parts such as tank lin- 
ers, conveyors, jigs and fixtures, 
pipe ducts, etc. Treated Califilm is 
available in 0.005 to 0.015-in. thick- 
nesses and widths to 16-in.; treat- 
ed Kelon-F sheets come in thick- 
nesses from 0.015 to 0.250-in. 
Shamban Engineering Co., 11617 
W. Jefferson Blvd., Culver City. 


Calif. 
—Circle ITEM 488 


Pressure Switch 


has two independent 
switching elements 


Designated model 432, this Mele- 
tron switch first signals rise or 
fall of pressure and then shuts 


MACHINE DESIGN 
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Another bearing 1mprovement.. 


from SKF 


SKF ’s improved method 
of lubricating large spherical roller bearings 


To make the lubricant effective it should 
be located where needed—in the bearing. 
Also, new lubricant, when added, should 
enter where it does the most good—in the 
bearing. 

For these reasons, all future production of 
{KF double row spherical roller bear- 
ings above 240 mm O.D. (9.4488") will 
be made with three equally spaced drilled 
holes in the center of the outer ring with- 
out any extra charge to our customers. 
This permits the lubricant to enter the 
center of the bearing. 


oR 


SE ae AF eS se - ee - eaghi 


vs Rabe oMiBharss isi, RINGS 





sti aaverierin INC,, PHILADELPHIA 32, PA. 
—manufacturers of SKF and HESS-BRIGHT® bearings. 





With the lubricant (either grease or oil) 
being introduced into the center of the 
bearing, all working surfaces are quickly 
and completely covered. In addition, the 
outward flow flushes out the old lubricant, 
and with it, any abrasive dust, dirt, mois- 
ture or other impurities. 

And where circulating oil lubrication is 


required, there is a continuous flushing 
and cooling of the bearing. 


This is another example of how SKF 
helps you to obtain longer bearing life. 
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Visit us at 


BOOTH 
1000 


at the Design 
Engineers Show! 


We're happy to help you 
solve your timing problems! 
We can show you how a 
Mark-Time time control unit 
can increase the utility, ver- 
satility, and sales appeal of 
your next design. 


—ITEM 650— 
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down the controlled system if rise 
or fall continues beyond a prede- 
termined limit. System cannot be 
reactivated with manual reset 
until pressure is returned to a safe 
level. Each switching element in 
the unit can be electrically inde- 
pendent of the other, or two ex- 
ternal leads can be used to con- 
trol a single circuit between max- 
imum and minimum pressures. 
Switch is available in three classes 
of proof pressures, 6, 30 and 120 
psi, with adjustable range from 
0.05 to 100 psi. Barksdale Valves, 
Pressure Switch Div., 5125 Alcoa 
Ave., Los Angeles, Calif. 

—Circle ITEM 489 


Air Control Assembly 


adds oil mist to 
regulated compressed air 





This assembly automatically filters, 
regulates and lubricates com- 
pressed air. Sludge is automatically 
trapped by the filter. Automatic 
drain trap at the bottom of the fil- 
ter collects moisture to eliminate 
periodic draining maintenance. 
When the cleaned air is regulated 
to the desired pressure, an oil mist 
is added by the lubricator. The 
lubricated air is carried to the op- 
erating parts of the pneumatic 
equipment. Visibility of operation 
is provided while up to 98 per cent 
of free moisture is removed at a 
negligible loss in air pressure. 
Airmatic Valve Inc., 7317 Associate 
Avenue, Cleveland 9, O. 

—Circle ITEM 490 








ANGLgear 


RIGHT 
Tels 
right 


angles! 











There‘’s an ANGLgear to 
solve virtually any right- 
angie power take-off problem. 





Name your industry — textile, 
canning, processing, electronics, 
chemical, packaging, petroleum, 
ceramics, metal fabricating. It’s 
bound to be one in which 
ANGL gear power take-offs have 
solved right-angle transmission 
problems again and again. 


Standardized ANGLgear units 
have won their wide acceptance 
because they meet design and 
engineering requirements fully 
for compactness, light weight 
and high operating capacity. De- 
signed for either manual or 
power-operated control systems, 
they are available in 12 models 
—with ¥3, 1, or 3 hp rating, 
with 2-way or 3-way shaft exten- 
sions, and with either 1-1 or 2-1 
gear ratio. The right-angle trans- 
mission problem that ANGLgear 
can’t solve is rare indeed. 


You'll find our literature in the 
product design file of Sweet’s 
Catalog. Contact your local dis- 
tributor, or write to us, for 
additional information. 





AIRBORNE ACCESSORIES 
CORPORATION 
HILLSIDE 5, NEW JERSEY 
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Blind attachments made at 82% lower cost 
...with Tinnerman SPEED CLIPS’! 


Automatic Range Company, Brooklyn, cut assembly costs 
on its Royal Rose Ranges 82% with a Tinnerman tubular- 
type SPEED Curp®. It locks the removable range tops 
securely in place. Automatic Range designers were able 
to eliminate a costly bracket, a wire form catch and a 
spot welding operation with this engineered fastener. 

One-piece, spring-steel SPEED Cuips are quickly and easily snapped into 
punched holes in the range’s top. Self-retained, the SpEEp Cup grips the 
mating stud in the front panel flange with pin-point accuracy under live 
spring tension for a firm, vibration-proof attachment. Yet the top is readily 
raised or removed for cleaning or servicing . . . no tools required! 

Tinnerman produces more than 8,000 different types and sizes of SPEED Nut 
brand fasteners. They are designed to help you make faster, easier, more effi- 
cient attachments at substantial assembly savings. Consult your Tinnerman 
representative for complete information on standard or specially engineered 
SPEED Nuts. Also write for your copy of “SpEED Nut Savings Stories.” 

TINNERMAN PRODUCTS, INC. + BOX 6688, DEPT. 12, CLEVELAND 1, OHIO 
Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aero- 


cessories, Limited. Treforest, Wales. France: Aerocessoires Simmonds. S. A., 7 rue Henri 


Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH ‘‘*MECANO”’, Lemgo-i-Lippe. 


TINNERMAN May RE 


FASTEST THING IN FASTENINGS ® 
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In a ay ay assembly, ‘‘J’’ 
type Speep Nuts eliminate prob- 
lems of hole misalignment and 
paint clogging. 


iti | 
@ &# 





On truck radiators, costly ne 
ping of flash-clogged threads bf 
weld-type fasteners is eliminated 
by Speep Grips. 





On an indicator light, Tubular 
Speep Cup replaces 4 Paine 
reduces parts cost and handl 


@Oov 
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RATIOMOTORS 


Output RPM 
49 to 175 


Ratiomotors 


are sold also 
WITHOUT MOTOR as 


FLANGED 


REDUCTORS 





You buy and 
attach motors 
of your choice 


REDUCTORS 


Ratios 1:1 to 3600:1 


Fan-cooling 
optional 
on larger sizes 
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BOST OW ws 1064 types and ratios — FROM STOCK 








Make speed reduction 





Double Reduction Double Reduction 
Horizontal Parallel Drive Vertical Right Angle Drive 
7124 '‘OFF-THE-SHELF’’ TRANSMISSION PRODUCTS | FRI 
STANDARD STOCK GEARS SPROCKETS & CHAIN - SF 
aS Vp p a) Go tz) 
amasenn wu wanes @ 


WORM GEARS 


SS © OU TAPERED BUSHINGS 
and Setscrew 


AND SPROCKETS 


MACHINE DESIGN 





n!a COST-REDUCTION feature... 


in any transmission design 


When you design around the 100 SERIES, you can be sure that any 


model you need is available promptly, — from stock. You can be sure, 





also, that any BOSTON Gear Speed Reducer will take top-rating in 


any test for operating efficiency, and lasting power economy. 








You save time in planning, too, because you can get any needed 
information immediately in a phone call to your local BOSTON Gear 
Distributor’s transmission specialist. Boston Gear Works, 64 Hayward 
St., Quincy, Mass. 













downtime for motor repair Z 7 New 

; “COMBINATION” design of 
100 SERIES RATIOMOTORS 
permits easy motor change... 
continued operation with spare 


Standard end-mounted motor is 
easily detachable, can be changed 
in minutes. Gear unit is undis- 
turbed, preserving alignment. 
Also, original motor can be re- 
placed with another type (explo- 
sion-proof, etc.) at anytime. 


For nearest Distributor, 
look under “GEARS” in 
the Yellow Pages of 
your Telephone Book. 





Coltyoe BOSTO 


DISTRIBUTOR 


| FROM YOUR DISTRIBUTOR-AT FACTORY PRICES ASK FOR CATALOG 
SPEED REDUCERS BEARINGS OTHER PRODUCTS 


Hg 7; a CS D> wp 


REDUCTORS RATIOMOTORS FLANGED REDUCTORS BOSTON GEAR BRONZE BEARINGS BEARINGS MNOS COUPLINGS 





—ITEM 653— 
May 3. 1956 For More Information Circle Item Number on Yellow Card—page 19 173 








XUM 








Get 10 Integral-Motor-Pump advantages 
in two NEW types (three models) of 


GAST =: AIR PUMPS 


Designers seeking a dependable vacuum 
or pressure source for industrial instru- 
ments, vending machines, air gauge cir- 
cuits, air sampling, laboratory equipment, 
printing and packaging machinery, etc., 
will find these mew Gast Integral-Motor 
Air Pumps highly advantageous, especially 
where compactness and portability count. 
Consider these outstanding features: 


. Latest type G.E. “Form G” motors. 

. More compact than any pump of equal capacity. 
. Total weight reduced 4—cuts shipping costs. 

. Motor mounting time and labor eliminated. 

. Simple, trouble-free rotary-vane design. 

. Vanes take up their own wear automatically. 

. Positive displacement, pulseless air delivery. 

. Improved appearance—smoother exterior. 

. Dependable for original equipment; plant use. 

. Forced air fan cooling on Models 0321 & 0521. 





OO ON DO S&S WP 


— 





Write for new Bulletins V-356 and P-356! 


GAST MANUFACTURING CORP., 
P.O. Box 117-P, Benton Harbor, Mich. 





*0321 similar in appearance. 

















Original Equipment Manufacturers for Over 25 Years 


GAST e AIR MOTORS. 
To 4 HP. 

e COMPRESSORS 
TO 30 P.S.1. 


ROTARY _ - vacuum pumps 


SEE OUR CATALOG IN SWEET’S PRODUCT DESIGN FILE 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Servo Breadboard Kit 


contains wide variety 
of servo-system parts 


Servoboard electro-mechanical as- 
sembly kit is now available in 
three models: Basic kit model 1111 
meets the needs of simple arrays, 





occasional use, and university labo- 
ratory budgets; Standard kit mod- 
el 1112 satisfies requirements for 
average use; Master kit is intend- 
ed for situations where many proj- 
ects are under way and the pur- 
chase will be charged to capital 
equipment. Holes in redesigned 
mounting board are now tapped, 
and board and leg design allows 
stacking of several boards. Kits 
include large group of prebored 
hangers, solid-hub and _ split-hub 
gears, adapter gears, mitre gears, 
bevel gears, couplings and other 
basic components. Also available 
are magnetic clutches, differen- 
tials, limit stops and switch assem- 
blies with associated cams and 
pulse disks. Servo Corp. of Amer- 
ica, 20-20 Jericho Turnpike, New 
Hyde Park, L. L., N. Y. 

—Circle ITEM 491 


Portable Drafting Machine 
for field sketching and drafting 


Small enough to fit into a man’s 
pocket, this portable drafting ma- 
chine is intended for drafting or 
sketching in the field. Area covered 
measures 11 x 17 in. and the unit 
clamps to any drawing board or 
sketch pad. Construction is an- 


174 For More Information Circle Item Number on Yellow Card—page 19 MACHINE DESIGN 





XUM 








XUM 


no lubrication, less vibration and noise 
with low-cost LORD flexible couplings 








S hp @ 3200 rpm-—low-cost 
Lord Flexible Coupling replaced costlier uni- 
versal joint on three wheel industrial motor 
scooter. Used on drive shaft, it accommodates 
misalignment, eliminates lubrication. 


1/50 hp @ 50CO rpm-—Fiexible 
coupling to drive electrically actuated radio 
antenna on automobiles was Lord-designed 
to overcome noisy operation of all-metal unit. 
In addition to noise reduction, coupling ac- 
commodates 8° misalignment. 





LorD engineers have special skills in designing 
Flexible Couplings for your specific require- 
ments. Precision LorD bonded rubber units such 
as the examples shown here, effectively 

reduce noise and vibration on all types of 
installations from small automotive 

units to huge locomotives. 








Bring your special flexible coupling problems 
to Lorp. Specialized LorpD engineering has 
solved many complex coupling problems and 
can probably solve yours with a low cost, 
high-efficiency bonded rubber coupling that 
will give outstanding performance. Simply 

call or write the Lorp Field Office nearest you 
or the Home Office today. 


300 hp @ 1200 rpm-—lord engi- 
neered this flexible coupling for a high- 
capacity application on locomotive auxiliary 
drive shaft. Unit provides desired vibration 
isolation and noise reduction, also accom- 
modates slight shaft misalignment. 





designers 
LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA and producers 
of bonded 
NEW YORK, N. Y. - Circle 7-3326 * PHILADELPHIA, PA. - LOcust 4-0147 
CLEVELAND, OHIO - SUperior 1-3242 * DAYTON, OHIO - Michigan 8871 rubber 
DETROIT, MICH. - TRinity 4-2060 + CHICAGO, ILL. - Michigan 2-6010 roducts 
DALLAS, TEXAS - Riverside 3392 +» LOS ANGELES, CAL. - HOllywood 4-7593 i Pp 
“in Canada — Railway & Power Engineering Corporation Limited” 8 e 1 since 1924 
ONDED RuBEe 1 
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Flexon Bellows Converts 
Vapor Pressure to Closing Force 
in Temperature Regulator 


odized aluminum; all scales are 
machine calibrated to 0.0005-in. 
David Miller & Associates, P. O. 
Box 572, Beverly Hills, Calif. 
—Circle ITEM 492 


_ Vibration Meter 
has all-transistor circuit 














Utilizing two 22% v dry batteries 
as a self-contained power source, 
this type 1-128 transistorized vi- 


s/ 


1. Valve body bration meter is completely port- 
. Bracket able. Frequency range is 10 to 
. Flexon bellows 1000 cps. Rugged construction of 


. Bellows cup the instrument enables it to pro- 








. Capillary tubing 

. Thermo bulb 

. Adjustment spring 
. Adjustment wheel 





on oc wea WN 














Lawler thermostatic temperature regulators 
are self contained vapor-pressure-operated 
devices for automatically regulating the flow 


FLEXON® OFFERS 
THE COMPLETE 
BELLOWS SERVICE 





Flexonics Corporation manu- 
factures a complete range of 
bellows and bellows assem- 
blies in brass, bronze or 
stainless steel. 


20 BELLOWS 





hg ec 


The Flexon Bellows Design 
Guide gives valuable applica- 
tion and design information. 
Write for your copy, today. 





of liquid or steam through a valve. Manufac- | 


tured by Lawler Automatic Controls Inc., 
Mount Vernon, New York, the type ‘‘S" illus- 
trated is only one of the Lawler Line of ther- 
mostatic controls that rely on Flexon Bellows 
to translate vapor pressure into positive 
action of the valve disc, thereby regulating 
flow. 

If your product must be temperature sen- 
sitive—or pressure sensitive—specify Flexon 
Bellows developed by cost-conscious Flexonics 
engineers who know how to combine per- 
formance with economy. 

Let us examine an outline of your require- 
ments—we may be able to show you the way 
to lower costs. 








duce direct, unambiguous ampli- 
tude measurements under severe 
environmental conditions. Consoli- 
dated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, 
Calif. 

—Circle ITEM 493 


Strip-Chart Recorder 


draws rectilinear record 
of millivolt input 


This low-cost Servo-Graphic strip- 


e 028 | chart recorder, which operates as 
Flexonics “ | a  self-balancing potentiometer, 
rypporation | provides rectilinear tracings of 

re ous / = | temperatures, speeds, pressures, 
resistances, or other variables 

| that can be represented by a dc 
signal in the millivolt range. Ac- 
| curacy of the instrument is 1 per 
cent, and input for full-scale indi- 
cation is 100 mv. Chart is sprock- 


1339 S. THIRD AVENUE, MAYWOOD, ILLINOIS 








FORMERLY CHICAGO METAL HOSE CORPORATION 


Manufacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 


In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 
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rs is CYWPRPAK 


al Cc - 
Ve {i for more flexible industrial control 


In the flexibility of CyPAK* lies the challenge to throw out me- 
iy fT] | j i} chanical relay limitations and simplify control for more auto- 
| if 3} if mated production. 

\ t For example, CYPAK systems employ just four different com- 

s: Cc ponent panels. They provide, in the most practical form, the four 

ff f basic logic functions of computer science. With infinite combina- 

l i Di i l tions of these panels you can direct, far more simply, a greater 
\i | | range of equipment operations. 

4 Because the magnetic “‘make and break” of CYPAK circuits has 
no moving parts, it is five times faster than mechanical relays. 
It’s the basic reason for CYPAK flexibility in handling control 
signals. 

In addition, CYPAK systems are designed for physical flexibility. 
A common power channel is the backbone of each system. Into 
it CYPAK elements are plugged in, locked in, and signal terminals 
joined. In this manner, the system is easily expanded or replace- 
ments made after installation. 

Look into all the new opportunities in CyPAK 
by calling your Westinghouse sales engineer. 


Write today for your free copy of The Whys and 
Wherefores of CypAK, Booklet B-6584. Westinghouse 
Electric Corporation, 3 Gateway Center, P. O. Box 
868, Pittsburgh 30, Pennsylvania. J-01005 


*Trade-Mark 


WATCH WESTINGHOUSE 


WHERE THE FUTURE IS ALREADY IN PRODUCTION! 
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New Ideas for Design Engineers 


with POLY PENCO’ Non-Metallics 


A wide range of materials and services offering 
significant advantages in multi-product planning 


Polypenco non-metallics are proving of great advantage to de- 
signers who value the importance of design flexibility. These non- 
metallics are available in a wide range of materials and forms: 








Polypenco stock shapes in Nylon, Teflon* and Q-200.5 provide low 
cost machining into components of superior quality and performance 
.. and new Polypenco developments will give you new engineering 


advantages at lower cost. 
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POLY PENCO 


Whatever your design calls for—chances are you can develop 
the part advantageously and inexpensively from one of these 
materials: 

STOCK SHAPES FOR MACHINING—From The Polymer Corp. 
of Penna. 

Polypenco Nylon: rod, strip, tubular bar, slab, tubing 
Polypenco Teflon: rod, tubing, tape, slab, spaghetti tubing 
Polypenco Q-200.5 (cross-linked polystyrene): rod and plate 


NYLAFLOW?} Pressure Tubing— From The Polymer Corp. of Penna, 
A specially processed flexible nylon tubing. 

FERR OTRON{—From Polypenco, Inc. 

A new ferromagnetic plastic material—available in flexible forms. 
POWDERS FOR MOLDING AND PROCESSING—From National 
Polymer Products, Inc. 

NYLATRON? nylon molding powders, NYLASINT{ nylon powders, 
WHIRLSINTt coating powders 

WHIRLCLAD} COATING PROCESS—Licensed by Polymer Proc- 


esses, Inc. For applying nylon, polyethylene and other coating 
materials to metals, ceramics, wood and other base materials. 





These materials and services will be 
exhibited at the Design Engineering 
Show, Booth 922. Or write for helpful 
information. 











The Polymer Corp. of Penna. 
Polymer Processes, Inc. 
National Polymer Products, Inc. 
Polypenco, Inc. 


subsidiaries of 
The Polymer Corporation, Reading, Pa. 


NT TRADEMARK Teor» 
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et driven by synchronous motor. 
| The portable instrument measures 
6 x 914 x 14 in. and weighs 15 lb. 
C. H. Stoelting Co., 424 N. Homan 


Ave., Chicago 24, IIl. 
—Circle ITEM 494 


| Miniature Load Cell 


measures compressive 





forces to 10,000 Ib 


For use where space is limited, 
the SR-4 load cell has a diameter 
of 2 in. and is 2% in. high. Ca- 
pacities from 2000 to 10,000 Ib 
can be supplied for specific appli- 
cations. Cells are not intended to 
replace larger cells of the same 
capacities since side-load sensitiv- 
ity is lower in the smaller cells. 
Calibration accuracy is within 
+0.25 per cent of full range at 
70 F. Resistance across power 
terminals is 120 ohms. Baldwin- 
Lima - Hamilton Corp., Philadel- 
phia 42, Pa. 

—Circle ITEM 495 


Beam Compass Set 
has coupling and pen slide 





No screws or clamps are used in 
this Era beam compass, hairline 
adjustments being made instead 
with spring-loaded thumb rollers. 
Coupling eliminates the need for 
extra length beams. Compass ma- 
terial is anodized aluminum, satin 
finished, and set is furnished in a 
fitted box. Engineering Research 
Associates Inc., Hazel Park, Mich. 

—Circle ITEM 496 
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Using a new type friction material of recent development, ROCKFORD 
was the FIRST to engineer these new materials into MORLIFE Clutches 
and Clutch Plates. They reduce clutch size and engaging pressure, 
operate longer without adjustment or plate replacement — and avoid 
down-time caused by burned or warped plates in heavy duty tractors, 


trucks, tanks, cranes, power units, shovels, bulldozers, earth movers 
and other heavy duty machines. 


MORLIFE’ 


CLUTCHES 


and 


CLUTCH 
PLATES 


~ 


N 








*TRADE MARK 





“MORLIFE clutch going “MORLIFE pulls harder 





“MORLIFE clutch hes “MORLIFE clutches las? 
gone 851 hours without 950 hours longer, with- strong after 1695 hours, and lasts six to ten times 
lipping or adjustment.” out adjustment.” working in sand.” longer." 





4 0 0% MORE LIFE Before you approve specifications for your next models, it will 


pay you to investigate how MORLIFE Clutches will add to the 


] 0 0 % MO RE TOR Q UE service life of your product and reduce the number of stops for 
o 


adjustments and repairs. It also will pay you to recheck specifica- 


tions for your present models. For information covering operating 


HEAT 
5 0 % M 0 R E RESISTANCE characteristics, write Department E. 


ROCKFORD Clutch Division BORG-WARNER 


311 Catherine Street, Rockford, Illinois, U.S.A. 


G600E60C69 
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Faker severe conditions. It requires no 
it or bulky power conversion 


© popular with equipment manufacturers 





- 8. ELECTRICAL MOTORS inc. 
0. Box 2058, Los Angeles 54, Calif., or Milford, Conn 
C) Send Varidrive Bulletin No. F-1797 














THE ENGINEER'S 


Library 


Becont Books 


Failure of Machine Parts, Preven- 
tion and Cure. Edited by Rune Evald- 
son and Charles Lipson; 240 pages, 
8% by 11 in., paperbound; published 
by the Michigan Press, University 
of Michigan, Ann Arbor, Mich.; avail- 
able from MACHINE DESIGN, $10.00 
postpaid. 


This volume contains the sum- 
maries of twelve lectures which 
comprise a special course of in- 
struction. Various aspects of the 
problem of preventing or remedy- 
ing the failure of machine parts 
are treated by eight lecturers from 
industry and two from the univer- 
sity. Subjects of the sessions in- 
clude: Surveys of the problem 
and causes of failure; treatment 
of initial design, development and 
field testing; treatment of stress, 
strength, vibration, shock, impact, 
metallurgy and fabrication; serv- 
ice loads; use of computing ma- 
chines; control of wear; and the 
appearance of failed parts. 


Aircraft Gas Turbines. By C. W. 
Smith; 448 pages, 5% by 9 in., cloth- 
bound; published by John Wiley & 
Sons Inc., 440 Fourth Ave., New York 
16. N. Y.; available from MACHINE 
DESIGN, $8.75 postpaid. 


This book presents the basic 
principles in the design of gas tur- 
bines and their components. Great- 
er emphasis is placed on theoret- 
ical aspects than on mechanical 
and structural details, and much 
of the material is applicable to 
stationary as well as to aircraft 
power plants. Chapters cover the 
principles of aircraft propulsion, 
the Braydon cycle and other gas 
turbine cycles, gas dynamics, theo- 
ry of flow, intake and exhaust 
systems, energy transfer, com- 
pressors, combustion chamber de- 
sign, elements of dynamic simi- 
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GIVING YOU 


he bes! . 
an most inotell ‘a 


Bunting today covers a new area in the engineering 

and manufacture of bearings and machine parts. To the 
traditional line of Bunting Cast Bronze Bearings 

and parts is added up-to-date, soundly established 
facilities for engineering and manufacturing bearings 
and parts made of Sintered Powdered Metals. 


In an entirely new plant with the very latest 
equipment, Bunting now attains the position in the 
Sintered Powdered Metals field which it has long held 

in the field of Cast Bronze Bearings. 





A competent group of Bunting Sales 
Engineers in the field and a soundly 
established Product Engineering Department 
put at your command comprehensive data 
and facts based on wide experience in the 
designing and use of Cast Bronze and 
Sintered Powdered Metal Bearings and parts. 





wn. OD 


WATER SYSTEMS MONTH 









Write to our Product 
Engineering Department 
in Toledo, or consult 
our nearest Sales 
Engineer. 


™ Bu nting 
® 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 
—ITEM 661— 


















Now enjoy advantages of rubber- 
covered hose without stripping . . . 





Use new Parker NO-SKIVE fittings 


Stop stripping bose covers! New 
NO-SKIVE Hoze-lok fittings re- 
quire no stripping of rubber-covered 
hydraulic hose. They’re faster, 
easier-to-use . . . and re-usable, 

Two simple steps complete the 
make-up: (1) Dip end of hose in 
oil and screw into socket counter- 
clockwise until hose reaches end of 
recess in socket. (2) Dip nipple in 
oil and push into socket and hose, 
turning clockwise to engage thread. 
Screw all the way in. 


Parker 





During step (1), the lead thread 
of the socket cuts through the rub- 
ber cover of the hose. This permits 
the threads following it to contact 
and grip the wire braid. It will hold 
beyond hose-bursting pressures. . . 
also under severe vibration condi- 
tions. 

Send for Bulletin 4402. Mail the 
coupon for complete information 
about these new Parker Hoze-lok 
fittings. Find out + v you can sim- 
plify and speed youz :ose assemblies. 





TUBE & HOSE FITTINGS DIV. 
Section 416 

The Parker Appliance Co. 
17325 Euclid Ave. 
Cleveland 12, Ohio 














[] Please send me your new Bulletin 4402 
about NO-SKIVE Parker Hoze-lok fittings. 


system components | ‘“°"* ——__—— 
—_————— en 
Address_ — ——————————— 
a 
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The Engineer's Library 





larity, controls and accessories, 
stresses and materials, genera) 
performance and _ installation. 


The Design of Switching Circuits. 
By William Keister, Alistair 2. 
Ritchie and Seth H. Washburn; 576 
pages, 6% by 9% in., clothbound; 
published by D. Van Nostrand Co. 
Inc.; available from MACHINE DE- 
SIGN, $8.00 postpaid. 


This book presents the funda- 
mental principles in the design of 
switching circuits. Particular in- 
stallations are not emphasized, 
but specific circuits serve as ex- 
amples. Chapters cover an intro- 
duction to the subject, physical 
and electrical characteristics of 
switching devices, design funda- 
mentals of switching circuits, ag- 
gregates of switching devices. and 
methods of synthesizing working 
systems. 


New Standards 


Slotted and Recessed Head Wood 
Screws, ASA B18.6.1-1956. 15 pages, 
8% by 11 in., paperbound; published 
by and available from the American 
Society of Mechanical Engineers, 29 
West 39th St., New York 18, N. Y.; 
$1.00 per copy. 


This standard for wood screws 
had been part of the American 
Standard for Slotted and Recessed 
Head Screws, dated 1947. Now it 
is published separately as are other 
sections of the same standard for 
other kinds of screws. Of the few 
changes in this revision, one is the 
addition of penetration gaging for 
recessed head screws. 


1955 Book of ASTM Standards. 6 
by 9 in., clothbound; published by 
and available from the American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa.; $84.00 
per set, vol. 1 to 7. 


ASTM Books of Standards are 
published in seven volumes every 
three years. This issue succeeds 
that of 1952. The books contain 
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MORE CASTING VALUE PER DOLLAR 


Monarch pioneered mechanized methods assure 
casting volume that will meet your highest require- 
ments. Cost savings can be obtained from the first 
castings produced. Monarch’s staff of skilled tech- 
nicians are trained in every phase of metal-working 
production to achieve these results. 

This invaluable experience is at your service. 
Start your cost reduction program now, before 
freezing your final product design. Call on Monarch 
for the **7 Way”’ analysis on your present casting 
requirements, or the new products you are de- 


Za 


veloping for mass production. 


MONARCH 


ALUMINUM 
PIONEERS IN CASTING Sai: MONARCH ALUMINUM MFG. COMPANY 


9205 Detroit Avenue, Cleveland 2, Ohio 








MANUFACTURERS OF Aluminum Permanent Mold Castings + Zine Die Ca 
Exclusive Velvaglaze Finishing +» Vitreous Enamel Finishing — MEMBERS: CERTIF 
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, ENGINEERS & DRAFTSMEN 


work 
for 


—— nuclear 
pioneer! 





Electric Boat designed and built the Nautilus, the world’s 
first atomic powered submarine. Soon the Seawolf will join 
the Nautilus at sea. And EB has contracts for 3 more nuclear 
powered craft! Start now in the nuclear propulsion field— 
enjoy the challenge as well as the well-known Electric Boat 
benefits, educational program and pay. Draftsmen are 
currently working a 6-day week. 


1. FLUID & NUCLEAR SYSTEMS—to engineer nuclear plant 
design of pressurized water reactor systems, develop heat 


s * 
immediate transfer and flow calculations. Minimum 2 years power or 


chemical plant experience. Fluid system analysis experience 


openings desirable. 


2. POWER PLANT SYSTEMS—to engineer steam propulsion 

fi e plant systems, prepare system diagrams and descriptions, 

or: perform heat balance and thermodynamic calculations. 
Instrumentation system experience desirable. 


3. PIPE STRESS— experienced in practical and theoretical 
applications of power plant piping. Routine calculating not 
required. Experience required in analysis of complex piping 


MECHANICAL °°™"* 


4. HYDRAULIC — 3 to 5 years experience in hydraulic systems 
ENGINEERS up to 3000 PSI, including selection and sizing of components. 

5. 3 to 5 years experience in component design including 

stress analysis, linkage and gear trains. Component selec- 

tion and specification experience desirable. 

6. 3 to 5 years experience in vibration and dynamic strese 

analysis on rotating components. 


PIPING —2 to 3 years experience in design of air, water, 
ventilation, hydraulic or fuel oil systems. Marine or chem- 
ical process experience preferred. 


DRAF TSMEN draulic componentn, goa oe sine in ae of 4 
ments and 8 valves. 


STRUCTURAL — For design and detail of structures and 
d with powered submarines. 








f 


Find out now all the other plusses Electric Boat offers you. 
Send a complete resume, including salary requirements, to 
Peter Carpenter. Convenient interviews will be arranged. 


ELECTRIC BOAT 


Division of GENERAL DYNAMICS CORPORATION 
GROTON ® CONNECTICUT 
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standard and tentative specifica- 

tions and methods of test for most 

engineering materials. Publica- 

tion of Part 1 for 1955 was an- 

nounced earlier this year. The 

balance of the set is now available. 

Titles and unit prices are: 

Part 1—Ferrous Metals, 315 standards, 1434 
pages, $13.50 

Part 2—Non-Ferrous Metals, 270 standards 
1516 pages, $11.00 

Part 3—Oement, Concrete, Ceramics, Therma) 
Insulation, Road Materials, Water- 
proofing and Svils, 477 standards 
2062 pages, $13.50 


Part 4—Paint, Naval Stores, Wood Cellulose, 
Wax Polishes, Sandwich and Building 
Constructions, Fire Tests, 323 stand- 
ards, 1416 pages, $11.00 

Part 5—Fuels, Petroleum, Aromatic Hydro- 
carbons, and Engine Antifreezes, 242 
standards, 1496 pages, $11.00 

Part 6—Electrical Insulation, Electronic Mate- 
rials, Plastics and Rubber, 300 stand- 
ards, 1776 pages, $13.00 


Part 7—Textiles, Soap, Water, Paper, Adhe- 
sives, and Shipping Containers, 354 
standards, 1692 pages, $11.00 


Association Publications 


Powder Metallurgy—Now. By F. V. 
Lenel; 34 pages, 6 by 9 in., paper- 
bound; published by and available 
from American Society for Testing 
Materials, 1916 Race St., Philadelphia 
3, Pa.; $1.50 per copy. 


This booklet concerns mechan- 
ical properties of parts made from 
metal powders, certain recent 
techniques for making semifabri- 
cated products from powder, and 
possible uses of powder metallurgy 
products for high strength at high 
temperatures. Major headings in 
the text are: High-strength struc- 
tural parts, aluminum powder met- 
allurgy, pellet extrusion of mag- 
nesium alloys, beryllium powder 
metallurgy, powder rolling, cer- 
mets, and transpiration-cooled ma- 
terials. 


ASME Handbook: Engineering Ta- 
bles. Edited by Jesse Huckert, pro- 
fessor of Mechanical Engineering, 
Ohio State University; 704 pages, 7 
by 9% inches, clothbound; published 
by McGraw-Hill Book Co. Inc., 330 
West 42nd St., New York 36, N. Y.; 
available from MACHINE DESIGN, 
$12.00 postpaid. 


This reference book is one of 
four volumes in the ASME series. 


oe (near New Lonaon on the Connecticut shore) . It is intended particularly for de- 
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WE'LL DO-THE REST! 


ften the best and most economical way to fabricate 
cular components — even complicated assemblies — is 
y welding. Sometimes it is the only way. But how can 
you be sure that welding is the practical production solution 
to a specific problem? How can you be sure that some new 
technique hasn’t been developed recently at American 
Welding that could make welding and fabricating of a 
special alloy possible? 








Here at American Welding is a well-staffed Industrial 
Products Division ready to serve you. Take advantage of 
this service today. Simply send us blueprints and specifica- 
tions. We will be glad to study your particular problem 
and, based on 37 years’ experience, advise you as to whether 
welding would be your best solution. 


THE AMERICAN WELDING & MFG. CO. 
130 DIETZ ROAD ° WARREN, OHIO 





Free Facilitjes Catalog 


Find out what American Welding 


ae AMERICAN 
copy today. 


WELDING 
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ELECTRONIC 
CONTROLS 


Can Solve Your Adjustable Speed Problems 


Dynamatic electronic controls with their 
simplicity, low maintenance, easy acces- 
sibility, and small space requirements, 
when used with Dynamatic Eddy-Current 
Drives, provide the solution to most ad- 
justable speed drive problems. 


The excitation required by Dynamatic 
eddy-current equipment is of very small 
magnitude compared to the drive capac- 
ity. For example, a 440 watt control is 
capable of controlling the torque or 
speed output of a 400 HP drive. Control 
and excitation power is taken directly 
from AC lines without the need of cum- 
bersome and complicated convertors, with 
their installation, ventilation, and main- 
tenance problems. 


Since the control elements have a very 
high amplification factor, even the largest 
couplings may be easily and conveniently 
controlled with small adjusting poten- 
tiometers. 





ELECTRONIC CONTROL 
CONTROL 
AND MOTOR STARTER star 


r 





L 


The small illustration shows the mini- 
mum of typical components necessary to 
obtain adjustable speed with Dynamatic 
eddy-current equipment. Speed regulation 
requirements on the order of 1/10 of 1 
per cent of drive top speed are easily 
and economically accomplished with suit- 
able control modifications. With | low 
powered reliable electronic components, 
requirements to suit almost all drive 
problems are easily met without appre- 
ciably increasing the cost or size of the 
control components. 








The following outline of operation will 
indicate the many advantages of this 
Dynamatic control equipment. 


EATO 














Standard electronic control package with hinged cover and 
chassis for easy accessibility to control components. All 
resistors and condensers are embedded in an easily re- 
placed assembly. The drive motor starter can also mount 


in the control enclosure, which measures 25” x 19” x 14”, 


Direct current excitation applied to the 
Dynamatic Drive coil modulates the 
strength of the magnetic fields and con- 
sequently, the amount of torque devel- 
oped at any rate of slip between the 
rotating input and output members. So 
that the drive may satisfy load and speed 
demands, this direct current must be 
varied automatically. 


Because of the drive’s small power de- 
mands, rectification of easily available 
alternating current to direct current is a 
simple procedure. A gas-filled thyratron 
tube is all that is needed to accomplish 
the conversion from AC to DC. A recti- 
fier used in conjunction with the thyra- 
tron tube, plus the highly inductive eddy- 
current drive coil, provides a smooth 
flow of direct current as required by 
the drive. 


To obtain desired performance, a means 
of varying the amount of current to the 
drive coil must be provided. The thyra- 
tron tube provides this function in that 
the grid of the tube, influenced by an AC 
rider wave imposed upon the DC grid 
voltage, permits a smooth change in 
drive coil voltage from zero up to the 
available maximum. 





DYNAMATIC DIVISION 
MANUFACTURING COMPANY 


A permanent magnet alternator, driven 
by the output shaft of the Dynamatic 
Drive, generates a voltage in direct pro- 
portion to speed. This voltage directed 
to the electronic control is utilized to 
maintain pre-set speed. With a reduction 
in load, speed tends to increase, but the 
generator signals the control so that the 
drive coil current decreases, slowing 
down the unit. Conversely, should the 
load increase, the drive tends to slow 
down so that the generator signal to the 
electronic control automatically increases 
the current, permitting the drive to re- 
turn to the pre-set speed. 


Speed and load (current) control are two 
of the standard types of electronic con- 
trols available. Because of the almost un- 
limited uses and adaptations of electronic 
components, many operations can be con- 
veniently controlled, such as_ tension, 
acceleration, braking, threading, jogging, 
speed matching, and many others where 
an electrical signal can be fed to the 
control equipment. 


Send for our 16-page Illustrated 
Bulletin on Electronic Controls 





3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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signers and contains many tables 
of recognized design standards not 
widely published. Contents of the 
book are arranged in 15 sections, 
grouping together tables which 
apply to the design of specific 
parts. Representative of subjects 
covered are bar stock and shaft- 
ing; bearings; spur, helical and 
herringbone, bevel, and worm 
gears; cylindrical fits; keys and 
keyseating; bolts; springs; aircraft 
and mechanical tubing; serrations 
and splines; electric motors, and 
gaskets. 


Government Publications 


Investigation and Development of 
High-Temperature Structural Adhes- 
ives, WADC Technical Report 54-98. 
By H. N. Homeyer Jr., J. H. Preston 
and K. L. McHugh; 112 pages, 8% 
by 10% in., paperbound; published 
by Wright Aeronautical Development 


Center; available from Office of 
Technical Services, U. 8S. Dept. of 
Commerce, Washington 25, D. C.; 


$3.00 per copy. 


This report describes work on 
the investigation and development 
of structural adhesives from sili- 
cone materials for high-tempera- 
ture service such as encountered in 
aircraft. Results are reported on 
lapshear tests on aluminum-to-alu- 
minum specimens bonded with sili- 
cone resins, rubbers, copolymers, 
and certain experimental mixtures. 


NACA Technical Series. Each pub- 
lication is 8 by 10% inches, paper- 
bound, side-stapled; copies available 
from National Advisory Committee 
for Aeronautics, 1924 F St. N.W., 
Washington 25, D. C. 


The following Technical Notes 
are available: 


3598. Method and Tables for Determining the 
Time Response to a Unit Impulse from Fre- 
quency-Response Data and for Determining 
oy Fourier Transform of a Function of Time— 

pages. 


3600. Correlation of Crippling Strength of i 


Plate Structures with Material Properties—50 
pages. 

3641. Results of Axial-Load Fatigue Tests on 
Electropolished 2024-T3 and 7075-T6 Aluminum- 
Alluy-Sheet Specimens with Central Holes— 
47 pages. 

3646. A Theory for the Elastic Deflections 
of Pilates Integrally Stiffened on One Side—21 
pages. 

3655. Method of Calculating Core Dimensions 
of Crossflow Exchanger with Prescribed Gas 
Flows and Inlet and Exit States—25 pages 
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that's as simple 
to operate as 
an Electric Motor 


@ AMERICAN GEAR’S new PGT is a hydraulically operated, 
compound planetary transmission that provides a simple, versatile and 
extremely flexible means of power transmission. 

© PGT’s outstanding performance has been verified by complete tests 
in the laboratories of one of the country’s leading Institutes of Technology.” 
It has been successfully used on earth movers, tractors, road rollers and 
similar equipment. Sturdily built, conservatively rated, PGT offers impor- 
tant advantages over more complex transmissions, including: 
@ Eliminates operator fatigue by 
eliminating clutch pedal 
@ Hydraulic control lever placed 
convenient to operator 
without regard to location 
of transmission 
@ Planetary gearing means considerably 
less length for comparable loads 
and speeds 
* Positive pressure-fed lubrication 


to bearings and gears 
* Complete report on request 


@ Easily operated by anyone by merely 
moving a single hydraulic control lever 
® Practically instantaneous (1.5 seconds) 
change of speed or direction 
without shifting gears 
® Only one control valve lever for 
all speeds and neutral 
@ Utterly smooth...no shock...no jerk... 
no noise 
@ Cushion shift prevents shock loading, 
eliminates trouble 
® Two power take-off apertures can transmit 
up to one-third of engine output maximum 


White for this new 8-page booklet which gives complete 
information, design details on all 7 models of PGT transmissions 


e 7 DIFFERENT MODELS e 85 OR 150 TO 200 LB. FT. TORQUE 
1 OR 2 SPEEDS FORWARD e CHOICE OF REVERSE RATIOS 


USE PGT TRANSMISSION ON i 
¢ Lift trucks « Earth movers * Hoists and cranes « Car pullers « Slushers 
Conveyors * Power take-offs * Front end loaders ¢ Road rollers 
Other industrial equipment « Truck mixers 


Pung, 





Designed and built exclusively by 
MERICAN GEAR & MFG. CO. 
New Avenue, Lemont, Illinois ¢ Phone: Lemont 920 


Subsidiary of BRAD FOOTE GEAR WORKS, INC., Cicero 50, Illinois 
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the step-by-step story of how 


ARMASTEEL sheli-cast crankshafts 





saved machine time, tools, and labor 


for Pontiac Motor Division | 


After hundreds of hours of research and experimentation, the Pontiac Motor Division in 
1955 began installing cast crankshafts in their automobiles, 
and in 1956 have completed a 100% conversion to castings. 


It was because of the combination of Central Foundry Division's amazing 





material, ARMASTEEL, combined with the new shell mold process 


that made this switch-over to cast crankshafts practical and profitable. 





ARMASTEEL, a pearlitic malleable iron 
made only by Central Foundry Division, provided 
the extreme toughness, rigidity, damping qualities 


and all the other physical properties necessary for 





better crankshafts. And the superior machining characteristics of 


} 





ARMASTEEL plus the close dimensional tolerances of the 
shell mold process made possible the substantial savings from one end to the other of 
the crankshaft finishing line. Take 


it step by step... 
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THE FIRST STEP IN MACHINING cast crankshofts ot Pontiac 
is the milling of the driving pads. Where formerly they 
processed 80 steel crankshafts an hour on these milling 

hines, production has now been increased to 96 an 
hour on the ArmaSteel parts. A similar increase has been 
noted in tool life . . . during a two-week period of ma- 
chining steel crankshafts, 336 cutters had to be ground, 
while in a two-week period when the crankshafts were 
ArmoSteel, only 153 cutters needed grinding. 





SECOND STEP IN THE PROCESS is the turning of all in-line 
diameters on crankshaft lathes. Here, it was found that 
the superior machineability of the ArmaSteel parts allowed 
lathe speed to be increased from 53 R.P.M. to 153 R.P.M., 
and that the rack-to-rack cycle time reduced from 2.75— 
3.00 minutes to 1.40—1.50 minutes, thus doubling output. 


3 


THIRD STEP is the rough grinding of main journals. Where 
steel forgings were ground ot the rate of 32.5 per hour, 
45 ArmaStee! cast crankshafts are being processed per 
hour. Grinding wheel life is substantially increased. 


4 


FOURTH STEP involves the rough turning of crankpins. 
Production has been speeded here from 24 steel parts te 
46 ArmaStee! parts per hour, due portly to decreased 
stock to be machined. 


THE REMAINING OPERATIONS INCLUDE oil-hole drilling, 
finish grinding on main journals, straightening, and tap- 
ping of holes in the flywheel flange. In drilling oil holes, 
production men found that the need for retracting drills 
periodically for chip removal was eliminated by Arma- 
Steel. This helped speed output from 37.5 steel to 64 
ArmoStee!l parts per hour. Drills needing to be reground © 
or replaced were only about “% as many with the cast 
crankshafts. One transfer drilling line has been discon- 
tinued, which allowed the elimination also of one lathe 
for turning OD of counterweights, and one straightening 
press, both of which were automated with the drill. Less 
straightening is necessary on the ArmaSteel castings, and 
finish grinding on main journals is faster than with steel. 
A greatly reduced number of taps are used in tapping the 
flywheel flange holes. 


THUS, MACHINE TIME, TOOLS, LABOR, and long-range 
capitalization have all been decreased through the change 
to shell-cast ArmaSteel crankshafts. Performance of the 
part is excellent, and many new design possibilities have 
been opened up. This is likewise true of many other prod- 
ucts that have taken advantage of ArmaSteel and Central 
Foundry Division’s shell mold process. For information on 
how your product can also benefit, write today for your 
copy of the “ARMASTEEL” catalog and pamphlet “Shell 
Molding at Central Foundry”. 





FIFTH STEP is finish turning on the crankpins. Production 
has been more than doubled on this operation. Where 
21 steel crankshafts per hour were processed, 46 of 
ArmaSteel ore being turned. 





CENTRAL FOUNDRY DIVISION 


GENERAL MOTORS CORPORATION « SAGINAW, MICHIGAN e¢ DEPT. 14 
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INSTALL IT 


Professional 
Viewpoint 


FORGET 
iT! 


M UCH discussion about the 

shortage of engineers has oc- 
curred. Predictions have been 
made that the shortage will con- 
tinue and actually grow worse dur- 
| ing the next five years. Here, by 
George R. Northrup, Ohio Univer- 
| sity, is a suggested way in which 
the shortage can be combatted to 
some extent. 





A Step Toward Relieving the 
Shortage of Engineers 


The chief reason for the short- 
age of engineers is the technolog- 
ical progress during and following 
World War II. The demand for 
engineers has simply been greater 
than the supply. Other factors 
have contributed to this shortage: 
The low enrollment in engineering 
colleges immediately preceding 
World War II, the so-called surplus 
of engineers graduated in the 
years 1948-1949, and the more re- 
cent inroads on available grad- 
uate engineers subject to military 
duty. 

According to recent articles, the 
United States may at present be 
graduating fewer engineers than 
Russia. Particularly in the last 
two years, government officials 
have recognized the shortage and 
| have provided for a large number 
| of scholarships and fellowships to 
encourage enrollment of men in 
undergraduate and graduate 
schools of various universities. 
Various industries, as well, are en- 
| couraging technical studies under 
| various programs. 
| Although such programs to pro- 
vide a future pool of engineers are 
certainly steps in the right direc- 
tion, they may not be the whole 
answer. 





...when it’s a 
WINSMITH Speed Reducer 


Get acquainted with the Winsmith line of speed reducers that are 
installed and forgotten because they never call attention to themselves 
as trouble-makers. 


Next time you want to cut your r.p.m’s. down to size accurately, 
under the most rugged operating conditions, specify Winsmith ... 
the line of speed reducers that can be described in just 
one word — dependable ! You'll find that their performance adds 
to the reputation of your equipment. 


And, as a source of supply, Winsmith offers the most complete line 
of reducers within the range of 1/100 h.p. to 85 h.p. in ratios 

of 1.1:1 to 50,000:1. For complete details write 

for Catalog 155, described below. 











GET THE FACTS! The Problem: A more imme- 








Catalog 155 describes the 
new “C” Series plus other units 
in the Winsmith line. Contains complete 
selection information for each model described. 


WINSMITH, INC. 16 Elton Street, Springville, (Erie County), N. Y. 
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diate goal might be to gain the 
maximum utilization of the tech- 
nical ability of the engineer. 
Many companies overlook the 
importance of the work each en- 
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TWO-BOLT CLAMPING adjusts eas- HEAVY-DUTY CYLINDER with extra 
ily, positively from 0” to 7” in heavy wall, tie rods and piston con- 
height, and swing arc 2” each side struction for longer life. 
of center. 







RIGID STEEL COLUMN and rugged cylinder 
bracket are accurately machined for preci- 
sion work. 














NEW 
SCHRADER 
AIR PRESS 





It's compact and 
power packed! 


lt stamps, coins, broaches, rivets, 
stakes, presses, shapes, bends, 


assembles—many other uses! 






HEAVY, RUGGED BASE forms sturdy SPECIAL RECESS IN TABLE provides 
foundation for large machined-sur- for punch-through operations. 
face table area. 






Modern “muscles” of compressed air never tire . . . 
get more work done at less cost! 

This modern Air Press has unlimited possibilities for speed, 
power, positive performance. Available as single acting for im- 
pact jobs; double acting for squeeze and power withdrawals. It 
requires minimum space, next to no maintenance, is extremely 
versatile in adapting to operating controls. Can’t be beat for low 
cost practicality. 

Important feature: Control and speed of the extra heavy cylin- 
der and ram can be varied as necessary, by using standard Schrader 
Air Control Accessories that adjust in seconds. 

Write for Catalog data describing Air Press fully—including 
variety of controls, accessories and prices. You'll be surprised at 
the low prices! 

A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
470 Vanderbilt Avenue, Brooklyn 38, N. Y. 








® 
LEADERS IN AIR CONTROL SINCE 1844 





ESTABLISHED IN 1844 
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ENGINEERS, 
Electronic & Mechanical 
PHYSICISTS: 





Top Grade Openings 
At Melpar Leader in 


Electronic Research & Development 


Due to our continuing expansion program, a number of top grade 
openings exist in our new laboratories suburban to Washington, 
D.C. We urge you to consider the following: 


1. At Melpar the engineer is not tied to a pre-arranged schedule of 
advancement. Instead, promotion and advancement are based on 
individual recognition, where skill and ability are the paramount 
factors of determination. 


2. Melpar has doubled in size every 18 months for the past 10 
years. New openings occur constantly. This enables the engineer 
to advance to positions of increased responsibility as soon as he 
is ready. 


3. Our unique “project team” basis of organization gives the en- 
gineer an opportunity to participate in entire problems from con- 
ception to completion of prototype, and thus experience the “over- 
all” approach to engineering problems necessary to eventual di- 
rectorship responsibility. 


4. Our new air-conditioned laboratories encompass over 285,000 
square feet and offer complete facilities for creative research and 
design. In addition to our central Model Shop, supplementary 
facilities, personnel and test equipment are available for immediate 
use within each project group. 

5. The Northern Virginia Area, suburban to Washington, D. C., in 
which Melpar is located, offers excellent living conditions, enjoys 
the Nation’s highest per capita income, fine homes and schools. 
Recreational, cultural and educational facilities abound. Fully-ac- 
credited graduate courses are offered at the Melpar laboratories 
and at 5 universities in the Area. 


Top Grade Openings Exist in These Fields: 

Network Theory © Systems Evaluation °* Microwave Technique °*® UHF, VHF, or SHF 
Receivers ° Analog Computers © Magnetic Tape Handling ° Digital Computers 
Radar and Countermeasures * Packaging Electronic Equipment * Pulse Circuitry * Microwave 
Filters © Flight Simulators © Servomechanisms * Subminiaturization . Electro 
Mechanical Design © Small Mechanisms * Quality Control and Test Engineering 


Write for complete information. Qualified engineers and 
physicists will be invited to visit Melpar at Company expense. 


Write: Technical Personnel Representative 


Mi E L PA Fe Incorporated 


A Subsidiary of Westinghouse Air Brake Company 


3064 Arlington Boulevard, Falls Church, Virginia 


Positions also available at our laboratories in: Cambridge, Mass., 99 First St., Watertown, Mass., 11 Galen St. 
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gineer is performing whether or 
not he is a recent addition to the 
staff. Initial assignments of new 
engineers in some companies, as a 
matter of procedure, are basically 
routine and involve work general- 
ly falling into nonengineering cate- 
gories. Many months later, and 
in some cases several years later, 
the engineer may still be perform- 
ing work on his initial engineering 
assignment, such as routine curve 
plotting, routine drafting, writing 
routine test requests and shop or- 
ders, following parts through man- 
ufacturing departments, and count- 
less other duties of this nature. 
Engineers performing such work 
are often permanently relegated 
(particularly when they do an out- 
standing job) to such an activity 
which is described to them as a 
temporary expediency. 

The “creative” engineer, in par- 
ticular, is irked when after a short 
period of time he is not conduct- 
ing an evaluation from an em- 
pirical standpoint on a challeng- 
ing problem whether or not he is 
a recent addition to the technical 
staff. When engineering manage- 
ment ignores or fails to recognize 
that many engineers insist on ful- 
ly utilizing their technical train- 
ing and to advance their profes- 
sional status, certain detrimental 
effects on morale can’t help but 
occur. 

Here are the kinds of things 
that happen: Discussion among 
engineers about the lack of oppor- 
tunity to use their special knowl- 
edge; an increasing reluctance 
among them to perform nontech- 
nical duties; often, an inclination 
to look for greener pastures where 
challenging technical assignments 
exist; a not too unusual reluctance 
of particularly capable but “quiet” 
engineers performing routine work 
to resign for reasons that don’t 
seem to tell the whole story. 

Any of these consequences is a 
blow to morale when word gets 
around, thus affecting development 
programs as well as output of the 
engineering department. 

While engineers recognize that 
a certain amount of routine or 
nonengineering work is necessary 
in any engineering organization, 


| they have a natural preference to 
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This AIR CYLINDER features — 








Controlled 


Pout’ } FOR FASTER, SAFER, BETTER PRODUCTION 


fie 
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BUILT-IN HYDRAULIC CONTROL 
BUILT-IN ELECTRIC CONTROL 
BUILT-IN SPEED CONTROLS 


In one compact packaged power 
unit are built-in controls to cover 
every phase of air cylinder operation. Built-in hydraulic control 
of piston rod movement gives the smoothness characteristic of 
hydraulic operation, yet retains the speed and flexibility of air 
power. Built-in electrically controlled directional valve permits 
quick, positive, push button remote control, or easy electrical 
synchronization with other machine elements. Built-in speed 
controls permiit exact control of piston rod speed in either or 
both directions. 

This combination of Bellows Air Motor and Hydro-Check is 
available in five bore sizes: 1}4”, 134”, 244”, 354” and 44” 
in standard stroke lengths up to 18”. 

Here is air cylinder power at its best—fast, flexible, safe, and 
smooth. 


BULLETIN ML-3 TELLS THE STORY. WRITE FOR IT TODAY! 


DEPT. MD556 


The Bellows Co. 


AKRON 9, OHIO 


1381-A 


—ITEM 672— 


For More Information Circle Item Number on Yellow Card—page 19 


Two 
MOUNTING STYLES 


The Bellows Air Motor and 
Hydro-Check(ModelHCB- 
EM) is available arranged 
in tandem as shown above, 
or in parallel, as sketched. 


Combination units of Air 
Motor and Hydro-Check 
are also made with any 
one of six other Bellows 
directional valve arrange- 
ments; and, of course, Air 
Motors and Hydro-Checks 
are available as separate 
units. 
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EAGLE 


Microflex Reeet Timer 





FOR 
MACHINE 
AND PROCESS 
CONTROL 


Insures “20-to-1 ratio” accuracy 


Time settings of pinpoint accuracy are a reality, thanks to the Microflex 
double dial. It takes one complete turn of the inner dial to advance the 
outer dial just one division. That’s a 20-to-1 ratio, made possible by the 
patented Microflex threaded axle and pinion (see sketch). Examples 
of resultant accuracies are + 1/60 of a second on a 20-second dial, and 
+ 1/10 of a second on a 120-second dial. 700" 


' 


The Microflex Reset Timer is driven by 
a heavy-duty industrial synchronous 
motor. Contacts are tripped closed or 
open after a preset time interval. Start- 
ing and resetting are electrically con- 
trolled. Microflex offers over 150 timer operating combinations, plus 
a wide range of long or short time periods. It’s ideal for applications 
like molding presses, dielectric heating, automatic mixing, die casting 
machines, machine tools and rubber curing. 


Write for free Automation Booklet and Bulletin 110. 


KXKQ 


XxX 


VVV\ 
Al ' 













; LAA \ 
DASASAIM Ms 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
industrial Timers Division, Dept. MD-556 
MOLINE, ILLINOIS 


Timers. 








Please send free Automation Booklet end Pulletin 
110 containing complete data on Microflex Reset 
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spend more and more time on “en- 
gineering work.” If engineering 
management recognizes this fact, 
and as a larger number of crea- 
tive engineers spend more time on 
fundamental investigations and in 
creative design and analysis, 
greater engineering accomplish- 
ments can be obtained. 


Effective Utilization of Engi- 
neers: There are two steps that 
might be taken to solve this prob- 
lem: 

1. Employ engineering assistants 
or technicians in an optimum ratio 
to relieve the engineer of semitech- 
nical or clerical engineering duties. 

2. Evaluate the best methods of 
utilizing such semitechnical person- 
nel. 


Utilization of engineering as- 
sistants will reduce the number 
of engineers to be recruited, result 
in certain economies, and tend to 
provide a more professional work- 
ing atmosphere among the engi- 
neers. Such personnel can perhaps 
be upgraded from within the or- 
ganization or recruited through 
local newsaper advertisements at 
costs ranging to $50.00 per man. 
Surveys among several large cor- 
porations have indicated that the 
cost per engineer recruited during 
the past two years has ranged be- 
tween $1200 and $2000 per man, 
not including the salary cost of 
engineering supervisors on recruit- 
ing trips. 

An evaluation of the day-to-day 
engineering problems and a seg- 
regation of the engineering por- 
tion of such problems to the en- 
gineer can result in the more ef- 
ficient use of his technical train- 
ing, improve his_ professional 
status, and increase creative abil- 
ity. 

But, here’s the next question to 
be answered: What portion of 
the work should be assigned to 
the engineer and to the engineer- 
ing assistant? 


Conducting the Evaluation: 
While the determination of what 
work should be performed by non- 
technical personnel may seem to 
be a minor problem, one factor in 
particular may warrant more than 
casual consideration: Who should 
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A composition that is almost twice as hard 
as the hardest steel... KENNAMETAL 


Kennametal is the registered trade- 
mark of a series of hard alloys of tung- 
sten, tungsten-titanium, and tantalum 
carbides. These compositions are the 
hardest practicable metals made by 
man. In scratch hardness tests, these 
hard carbide particles are between sap- 
phire and diamond. On the Rockwell 
“A” Scale, different Kennametal grades 
test from 90.0 to 93.0, while that of 
HSS 18-4-1 heat-treated steel tests a 
maximum of 85.0. The Knoop Test 





. 





(right) at 100g. Impression in the 
Kennametal is only about half of that 
on the steel. 

Photomicrographs below are of 
Knoop tests on grains of carbide in- 
gredient of Kennametal. Knoop test 
numbers (at 100g) are: tungsten car- 
bide, 1900; tungsten-titanium carbide, 
2200; titanium carbide, 2500. These 
tests show those 
carbides are from 
two to three times 
as hard as steel in 
the absolute scale 
of Kgs per square 
mm of area of im- 
pression. 














Tungsten carbide 

















K8 Tungsten carbide 18-4-2 Steel 


gives 2100 (K100) for Kennametal and 
800 (K100) for steel. 
Photomicrographs above show re- 
sults of Knoop hardness test on Kenna- 
metal K8 (left) and HSS 18-4-2 steel 

















Tungsten-titanium carbide Titanium carbide 


Extreme Hardness of KENNAMETAL Utilized by Designers 


A West Coast manufacturer switched 
to solid Kennametal tungsten-titanium 
carbide tools for internal threading of 
stainless steel rings, jumped production 
from 35 to 40 pieces between grinds to 
80 to 100 pieces with Kennametal. And 
the latter showed no cratering and oniy 
slight edge wear requiring only light 
grinding. 





A manufacturer of aircraft landing 
gears uses the hardest grade of Kenna- 
metal cutting edges for interrupted cut- 
ting of SAE-4340 steel (220,000 psi ten- 
silestrength), at 1 }4 times greater speeds 


May 3, 1956 


and with over 10 times longer tool life. 
Both sides of 54 pieces are rough cut 
and finish cut between grindings. 

















FINISH TURN i 
J se 





2400 to 3600 (depending on shell 
hardness) 90 mm shells are finished- 
turned using the hardest grade Kenna- 
metal before regrinding is required. 


Perhaps KENNAMETAL’s Extreme 
Hardness Can Help You, Too 


Together with absolute hardness goes 
surprisingly greater resistance to wear 
and deformation. It is vital to innum- 
erable industrial applications. Perhaps 
it is the characteristic you need to get 
YOUR idea off the drawing board and 
into production. It is worth investi- 
gating. Write to KENNAMETAL INC., 
Latrobe, Pennsylvania, and ask for 
Booklet B-111. 


* Registered Trademark 





I< 
SEE OUR EXHIBIT 
Booth 313 


at the Design 
Engineering Exposition 


MAY 14-17 
Convention Hall 
Philadelphia, Pa. 


Come in and visit us while you are 
in Philadelphia. See “live” demon- 
strations that prove the many out- 
standing characteristics of Kenna- 
metal and Kentanium (the titanium 
carbide for application at 1800° F 
and above). See such demonstrations 
as: 

¢ The Torque Test 

¢ The Hardness Test 

¢ The Deflection Test 


® The Vibration and 
Chatter Tests 


Inspect dozens of sample machine 
and processing equipment parts 
made from Kennametal and Ken- 
tanium .. . typical applications be- 
ing used in practically every indus- 
try. Our engineers will be glad to 
talk over any of your problems and 
advise how you may use these hard, 
strong metals to advantage. 
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“From 1/3 to 1/2 of all the energy pro- 
duced in the world is consumed in 
friction.” 


This new book shows how to 
reduce wear and power loss. 


a 
THEORY AND PRACTICE 
OF LUBRICATION 
FOR ENGINEERS 


By D. D. FULLER 


Columbia University and The Franklin Institute 


The first complete treatment of the subject, 
the work balances theory and practice. It 
presents an exceptionally complete treatment 
of the hydrodynamic theory, its development 
and applications. Current practice serves to 
illustrate the theories discussed. Numerous 
examples are worked out dealing with practical 
problems. Designs are included for a wide 
variety of bearings such as: machine tools, 
synchronous condensers, turbines, generators, 
centrifuges, thrust bearings, high speed bear- 
ings, etc.—and for bearings made of all mate- 
rials from soft rubber and wood to ceramics 
and glass 


1956 432 pages Illus $10.50 
New Techniques Reviewed 
and Discussed 
(2) 
BEARING LUBRICATION 


ANALYSIS 


By R. R. SLAYMAKER, Case Institute of 


Technology and Cleveland Graphite Bronze Co. 
Covers the eneral lubrication 
analysis for full journal bearings and bearing 
design. Offers a thorough discussion of bearing 
materials, methods of construction, and bear- 
ing life. Oil viscosity is emphasized. The au- 
thor presents a practical method of predicting 
temperature rise and oil viscosity in one opera- 


principles of 


tion, eliminating trial and error solutions. 

1955 108 pages Illus $5.00 
The Complete Guide 

(3) 


TECHNICAL PUBLICATIONS 


Their Purpose, Preparation, and Production 
By C. BAKER, A. R. Ae. S. 

Shows how to present, write, illustrate, and 

produce all kinds of technical publications on 


all subjects—from the simply duplicated small 
run to large printed editions 


1955 302 pages Illus. $6.00 


MAIL THIS COUPON TODAY 
FOR YOUR ON-APPROVAL COPIES 


JOHN WILEY & SONS, Inc., MD-36 
440 Fourth Ave., New York 16, N.Y. 


' Send me the book(s) circled below 

' to read and examine ON APPROV- ' 

| AL. In 10 days, I will return the |! 
book(s) and owe nothing, or will 
remit the full purchase price(s), 
plus postage. 


1 2 3 
NAME 
ADDRESS 
CITY 
ZONE STATE 


if you ENCLOSE payment, in 
which case we pay postage. 
Same return privilege, of course. 


( ) SAVE POSTAGE! Check here 


TTT rTrrrrrrtrrtrtititTitiett ttt 
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analyze the nontechnical work of 
research, development and engi- 
neering groups? 

Even though technical super- 
visors in engineering departments 
are in the best position to do this 
work, they rarely have time avail- 
able to devote to matters which 
may seem to be less pressing than 
current engineering problems. In 
rare cases such supervision may 


also be reluctant to recognize the | 


need for, or desirability of, engi- 
neering assistants. 

‘When the technical supervisor 
cannot devote sufficient time to 
the problem, a second approach 
would be to have the staff admin- 
istrative engineer, or equivalent 


personnel who know the technical 


organization, conduct the evalua- 
tion. 

Duties which could be segregat- 
ed to nonengineers include keep- 
ing records; preparing standard 
specifications, purchase orders, 
changes in design, test requests, 
and manufacturing shop orders; 
expediting; performing routine 
drafting, routine calculations, and 
curve plotting; recording test 
data; following minor tests; and 
assisting the engineers in other 
matters. 

After the evaluation has been 
completed and the necessary pro- 
posals have been made to engi- 


neering management, steps can be | 


taken by the engineering staff to 


assign duties of this type to engi- | 


neering assistants. 

Assuming that neither of these 
two programs would be feasible, 
the third alternative would be to 
employ a consulting organization 


to conduct the evaluation and sub- | 


mit a recommendation of proce- 
dure and objectives to manage- 
ment. 

It is most important in conduct- 
ing any analysis to recognize that 
it may be quite difficult to com- 
pletely segregate “engineering” 
duties from other functions. In 
addition, personalities involved 
should not influence the final de- 


termination of separation of func- | 


tions. 

A continuing critical appraisal 
of the use of engineers will bene- 
fit both the engineers and their 
companies. 





The Value of 
RELIABLE 
DELIVERIES 





3CClaw. | 








PRODUCTION MGR., THE CINCINNATI GEAR CO.— 


Any job involving a large amount of respon- 
sibility is exacting. While I do not claim 
that mine is the toughest, I can say that the 
rigid policy set down by our management 
requires constant diligence and effort. 


It is the policy of The Cincinnati Gear Com- 
pany to make a delivery promise to the cus- 
tomer that there is every reason to expect 
will be fulfilled. The customer has a right 
to receive accurate information concerning 
the anticipated shipment of his order, and 
he also has a right to expect that promise 
to be fulfilled. It is the job of my department 
to operate our new production scheduling 
system in such a manner that accurate deliv- 
ery promises can be given, and at the same 
time prevent the lead time from being ridicu- 
lously long. It is gratifying to state that we 
have failed to meet schedules only in a very 
limited number of instances, and many times 
have been successful in helping customers 
who, for some reason or another, found 
themselves in a real jam. 


The management of The Cincinnati Gear 
Company has charged me with the responsi- 
bility for deliveries. I know there will be 
no compromise short of the best possible 
job, and I can assure you that the most 
meticulous plannning is done to be certain 
that delivery promises will be met. 


THE CINCINNATI GEAR CO, 


CINCINNATI 27, OHIO 
*'Geors— Good Gears Only" 
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spherical bearing rod ends 





One important feature of the Heim 
Unibal Spherical Bearing is its ability to 


correct shaft or linkage misalignment. 


Very often, this feature of the Heim 


fl. 


aor, 
a 


FF 


Rod End eliminates the necessity for cost- 


ly precision machined components. 


si iV Wat! 


Brinelling is eliminated because of 


the area contact between the single ball 


a 
= 
= 
—_— 
— 
‘ 
— 
—— 
i 


and the bronze bearing member. Much 


i | ES 


greater load ratings are possible for sub- 


stantially smaller dimensions. 





Heim rod ends are a natural and have 
proven very satisfactory in the 

above application to the shuttle motion 
of a label loom as manufactured by 
Fletcher Works, Inc., Philadelphia. 






THE HET MM company 


eo ee Se oe oe | 


Please write for comprehensive catalog 
or for any engineering data required. 
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RELAY | 
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FOR A QUARTER OF A CENTURY 


Potter and Brumfield has designed 
and manufactured relays. 


Many thousands of relays engineered to meet 
Tes the most exacting queality standards. 


But, still thousands of other designs built to meet the 
most competitive prices. 


Samples and quotations gladly furnished. 


For quick delivery over 350 different standard relays 
stocked by Franchised Distributors throughout the 


United States and Canada. . 


Ptter 1 
RS Series Relay | 








PRINCETON, INDIANA 
illustrated 


SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY 
low cost & sensitive 


type relay 
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Air Conditioning 


Dehumidifier: Portable dehumidi- 
fier mounted on four swivel casters 


' controls moisture in closed areas 


up to 10,000 cu ft and removes up 
to 24 pt of water from the air 
every 24 hr. Air which is drawn 
into the bottom of the unit by a 
fan passes over a series of coils 


| cooled to below room temperature. 


Moisture condenses and drops into 
a removable rustproof container. 
Drainage can be made fully auto- 
matic by connecting the hose to a 
drain. The unit operates on 110- 
115 v ac. It is 13% in. wide and 
201%, in. high. Hermetically sealed 
1/6-hp compressor requires no oil- 
ing. Admiral Corp., Chicago. 


Roof Ventilator: LSQ power roof 
ventilator is available in five sizes 
in low and high-speed models. The 


| ventilator is enclosed in an alu- 


minum housing. Motor is a per- 
manent split-capacitor type and 
has double-sealed, permanently 
lubricated ball bearings. Electrical 
connections are in the mounting 
saddle on the outside of the hous- 
ing. Gravity and motor-operated 
shutters with interconnected blades 
to eliminate back draft are avail- 
able as accessories. Ilg Ventilating 
Co., Chicago. 


Materials Handling 


Lift Truck: B-224 industrial 
truck with 2000-lb capacity has 
directional controls mounted on the 
steering column within reach of the 
operator’s fingertips while both his 
hands remain on the steering wheel. 
Starting or reversing can be ac- 
complished without using clutch 
or gearshift or removing either 
hand from the steering wheel. The 
truck incorporates automatic trans- 
mission, independent, steering wheel 
suspension, and hydraulic equaliz- 
ing rear suspension system which 
automatically compensates for 
floor variations up to 3 in. It turns 
within a radius of 67 in., is 401% in. 
wide and 67% in. long, less forks. 
Powered by a 32-hp gasoline en- 


MACHINE DESIGN 








ERSATIL 


MECHANICS Roller Bearing UNIVERSAL 
JOINTS excell for both main drives and 
controls — in all kinds of material handling 
trucks. Have transmission flanges for any 
type of brake drum. Easy to service — 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner « 2032 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
79 E. Adams, Chicago 3, Illinois 


MECHANICS Close-Coupled UNIVERSAL 
JOINTS transmit more power — in less space 
— at greater angles than any other joints. 
Let MECHANICS engineers help give your 


machines competitive advantages. 


MECHANICS 


Reller Bearing BW 














UNIVERSAL JOINTS 


For Cars + Trucks + Tractors «+ Farm Implements * Road Machinery «+ 


Aircraft - Tanks + Busses and Industrial Equipment 


—ITEM 679— 
May 3, 1956 For More Information Circle Item Number on Yellow Card—page 19 











PURPOSE COUPLING 


Coupled to an engine drive, the spring controlled shoe permits 
the engine to idle at a predetermined speed. This feature is par- 
ticularly valuable for warming up purpose . . . . wherever a ma- 
chine is operated intermittently . . . . Allows the engine to idle 
without operating the machine . . . automatically picks up load 
whenever the engine speeds up and again releases at idling speed. 


Starts... couples ... cushions... limits load 


RAWSON COUPLING DIVISION 


O. S. WALKER CO., INC., Worcester, Massachusetts 
—iITEM 680— 





MECHANICAL - 

ENGINEERS Bove cusremeces 

iy CAY! WANT COUPENT., 
experience in design o /\ Ahly MOT SCHEMATICS! 


@ Precision Mechanisms 
Sn 


® Redar Antenna pedestals . Ss 
and mounts te VRS ws 


®@ Lightweight Structural mem- rT 
bers. , 


The recent expansion of our en- 

i facilities makes it pos- At Raytheon’s new Wayland 
sible to offer unusual opportuni- Laboratory Mechanical and 
ties to experienced creative engi- _Electrical engineers work to- 
neers. gether as a team to create 


Beginning salary range: the custom designed equip- 


ment which has enhanced 
$6800 to $10,000. Raytheen’s reputation for 


A brief resume form and a bro- “Excellence in Electronics”. 
chure describing our new labora- 

tory may be obtained by writing 

to Mr. Bobert E. Doherty. 


RAYTHEON MANUFACTURING COMPANY 


WAYLAND LABORATORY WAYLAND, MASS. 





®@ Full tuition paid for accepted ed- city living. 
ucational programs. © Progressive salary review system. 


® Location convenient for country or @ Liberal employee benefit program. 
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gine, the truck operates at speeds 
up to 11.5 mph; lift speed loaded is 
58 fpm. Double-acting hydraulic 
cylinders control tilt 3 deg forward 
and 10 deg back. Lamson Mobilift 
Corp., Syracuse, N. Y. 


Bar Unloader: Automatic unit 
can unload pieces of bar or tub- 
ing from a production machine to a 
high tote box. Equipped with one 
stationary tower and one moveable 
elevator, it can be adjusted to han- 
dle pieces from 3 to 12 ft long and 
from 1% to 3 in. in diam at a 
variable rate of speed. Power is 
furnished by a 1'%-hp, 220/440-v, 
three-phase motor operating 
through a square shaft which mo- 
tivates both elevating conveyors. 
Feedall Inc., Willoughby, O. 


Portable Lift: Model L1112-P 
telescoping lift is designed for high 
stacking operations; collapsed 
height is low enough for handling 
loads in areas with low head room. 
The machine has a 1000-lb capacity 
and battery-powered hydraulic lift. 
It can be used as platform truck, 
straddle fork truck, portable ele- 
vator and shop crane. Lift height 
range is from 2 to 112 in. Overall 
height is 781% in.; width, 37 in.; 
length, 52 in. Turning radius is 60 
in. Oster Mfg. Co., Cleveland. 


Metalworking 


Wire Straighteners: Automatic 
machines straighten and cut wire 
of various sizes, shapes and mate- 
rials to desired lengths. Various 
models handle wire with diameters 
from 1/16 to 4-in.; from 1/16 to 
5/16-in.; and from ¥% to -in. 
Positive clutch and trip mechanism 
make possible handling of small- 
diameter wire. Electric operation 
with variable speed drive makes 
possible high rate of wire feed. Cut- 
off mechanism is automatically syn- 
chronized. Wire catcher pan is the 
full length of the machine and can 
be emptied without handling the 
cut lengths. Geo. C. Patterson Ma- 
chine Co., Cleveland. 


Tool Grinder: Poweramic off- 
hand single point carbide tool 
grinder produces microfinishes on 
standard and special single point 
tools such as square nose, V-nose, 
straight turning, lead angle, offset 
turning, facing and boring tools. 
Motor-spindle unit is oscillated me- 
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iF YOU HAVE FLUID LINES TO CONNECT New Machines 
YOU'LL SAVE TIME AND TROUBLE WITH 





chanically by a motor-actuated 
crank mechanism at the rate of 


150 strokes per minute to eliminate 

lateral tool movement. True angu- 

lar settings of the work table from 

7 deg above to 20 deg below hori- 

, zontal are obtained by a crank 
aN * 


mechanism and are registered on a 


QUICK-CONNECTIVE visible protractor. Coolant is sup- 


f plied by a self-contained pumping 
“SF Cc re) U Pp L i he 4 unit in the machine base. Spindle - 
| i! motor is 1 hp, 220 v. 60 cycles; 
°° spindle speed is 3450 rpm. Grinder 


dimensions are 28 x 28 x 48 in. 
Wesson Co., Detroit. 


Abrasive Cutter: Cutamatic 
| model 64 oscillating wet abrasive 
| unit cuts sheets, angles, channels, 
| pipes, tubes and solids of hardened 
| or annealed steel, brass, bronze, 
| monel metal, aluminum, magne- 
| sium, tungsten, ceramics, phenolic 

plastics and glass. Equipped with 
a large abrasive cutting wheel, it 

| is capable of cutting 3-in. diam 

HANSEN HIGH PRESSURE solids, 4-in. diam tubing and 6 x 1 
TWO-WAY SHUT-OFF COUPLING _ in. steel plate at 90 deg to axis at 
To connect, pull back sleeve and push plug into speeds of 4 seconds per sq in. Swivel 
socket. Identical torpedo type valves permit free type vise, operated by a foot 
flow of gas or liquid through coupling. To dis- | treadle, can be rotated from 0 to 
connect, pull back — e — — 45 deg with a maximum opening 
- ee oe cect et disconnecr | for 45-deg cuts of 4 in. Wheel and 
automatically where fluid work are fed manually, and work 
lines may be subject to clamps are operated by a foot 
sudden, damaging strain. treadle. Oscillating unit is powered 
by a 1/3-hp geared-head motor; 

abrasive cutting wheel is driven by 
a 10-hp, totally enclosed, fan- 
cooled motor. Drive from _ the 
motor to the spindle is through 
multiple V-belts. American Chain 
& Cable Co. Inc., Bridgeport, Conn. 









HANSEN PUSH-TITE COUPLING 
Shuts off one side of line 


Gives quick connection and disconnection, with 
instant automatic flow or shut-off. To connect coup- 
ling, and open line to flow of fluid, merely push 
plug into socket. To disconnect, a slight pull on 
sleeve releases plug and shuts off supply end of line. 











HANSEN STRAIGHT-THROUGH COUPLING 


Provides quick connection and disconnection, 
but does not have shut-off feature. Size range 
for general use from 4" to 244”. Two special 
types of straight-through steam couplings 
also available—one for low pressures, and 
one for high pressures. 


Processing 


Hardening Machine: Induction 
type unit, rated at 30 kw, has a 


REPRESENTATIVES 





BALTIMORE LOS ANGELES ‘ 
BIRMINGHAM LOUISVILLE high frequency range from 1200 to 
BUFFALO MILWAUKEE : : ° se 
cucaee MINNEAPOLIS 1400 ke which permits rapid sur 
CLEVELAND NEWARK face hardening of parts requiring 
DALLAS NEW ORLEANS 
DAYION PHILADELPHIA quan. enenmewes shallow case depth and narrow 
DENVER PITTSBURGH transition zones between case and 
DETROIT SAN FRANCISCO FLUID LINE COUPLINGS : 
FT. WAYNE SAVANNAH fee core, as well as for small or thin- 
HARTFORD SEATTLE AIR © OIL © GREASE | walled parts. Solid parts such as 
KANSAS CITY ST. LOUIS HYDRAULIC FLUIDS © WATER : . 
shafts up to 2 in. diam can be 
MONTREAL « TORONTO « VANCOUVER VACUUM © STEAM © OXYGEN p 
Export Department: CLEVELAND saremn « Gum hardened; capacity for nonsolid 
GASOLINE © COOLANTS parts depends upon their shape. 
Use of high frequencies prevents 














WRITE FOR CATALOG | the formation of scale and reduces 
. li . , Pp distortion. Th hi ists of 

THE HANSEN | MANUFACTURING COMPANY i paae datity et aeons a te 
4031 WEST 150th STREET ¢ CLEVELAND 11, OHIO | remotely located, an oscillator unit 

and the work unit. A variable out- 
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doing unusual jobs 
wunmusuaciiy well 


for 20 years 


Shown here is a production test run of new 
RUBATEX VINYL FOAM. Possesses 

all good qualities of foam cushioning PLUS 
... Resistance to tearing, aging and abrasion 
... Greater tensile strength than latex 

foam ... Good compression but unlike rubber 
“no bounce” making it adaptable for 
packaging of electronic tubes and delicate 
precision instruments . . . Does not stain or 
discolor from contact with rubber chemicals, 
varnish, plastic materials, ete. . . . 
Outstanding flame resistance when desired— 


a property not found in other foam products. 


All this at a price competitive to latex foam. 





Rubatex Vinyl Foam is a polyvinyl chloride com- 
pound with same heat seoling properties as 
unsupported vinyl film—making it an outstanding 
material for heat sealing applications. Shown 

here are belt dies indicating intricate stitching in flat utility stock in sheets 2” thick x 36” 
designs and air operated press with die attached ° 

to upper platen hooked to high frequency elec- 
tronic generator. 2 belts can be heat sealed 
every 2% seconds. Old stitching methods would 


1RUBATEX 


AS 


£ 


Available in complete range of densities, 






firmnesses and matching colors. Produced 








wide. Write us for complete details. 





~~ 





. 





Heat sealing of Rubatex Vinyl Foam gives luxu- 
rious look to products. Can be produced faster, 
cheaper for lower retail prices. Bulk of Rubatex 
Viny! Foam now being used for such novelty 
items as shown here. Also adaptable for pack- 







or also manufacturers of: 
%, Rubatex Closed Cellular Rubber 


Rubatex Insulation Hardboard 


aging, furniture and seating industries as well > 
i i icoti ; = 
as many industrial applications. $ E Rubatex Closed Cellular Vinyl 
S , & Rubatex-Crepe 
% ro Rubatex Softee-Crepe 
Rubatex Plastic Seine Floats 


GREAT AMERICAN INDUSTRIES, INC. 
RUBATEX DIVISION, Bedford, Virginia 
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ALL EYES... You'll be this way at the NATIONAL PLasTics 
EXPOSITION. New applications, new equipment, new materials. 
All on display at New York, June 11-15. Don’t miss latest 
developments in your field. Send for tickets now. Please make 
request on your company letter- 

head. (Sorry, no general public 


admissions. ) ; 
shaping 

, \2S tomorrow’s 
ot the new New York Coliseum products 


. 
7th National Plastics Exposition sponsored by: 
The Society of the Plastics Industry, Inc., 250 Park Avenue, New York, N. Y. 
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FAST PUMPING WITH VIKINGS 


inEXCWAER L/RECIIONW 





Tri-Par Oil Company, Saukville, Wisconsin, makes good use of Viking Pump’s re- 
versible feature The pumping system has a single suction line and a single dis- 
charge line which can be operated in either direction, eliminating the piping mani- 
fold Speeded to deliver 325 G.P.M. the pumps can unload transports to storage 
and load delivery trucks from storage by merely reversing action. 

Pumping units have lost no time from their operation, during the three years they 
have been in service, and have handled approximately 25,000,000 gallons of gaso- 
line and fuel oil in that period. 

Perhaps Viking Pumps can speed your operation and simplify your 
pumping Types and sizes for most industrial pumping. For infor- 
mation, write for Bulletin 56Sh. 


VIKING PUMP COMPANY 
Cedar Falls, lowa, U.S.A. In Canada, it's “ROTO-KING” pumps 


See our catalog in Sweets 
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New Machines 





put transformer permits varying 
the heat input to a coil, so that it 
can be used for several low-produc- 
tion runs. Channel duct wiring fa- 
cilitates the location of circuit 
trouble; lights permit visual loca- 
tion of damaged relays. Cincinnati 
Milling Machine Co., Process Ma- 
chinery Div., Cincinnati. 


Slicing Machine: MTA-1 Microto- 
matic machine slices and dices 
brittle, crystalline semiconductors 
such as germanium and silicon. It 
can also be used on piezoelectric 
crystals and for slicing test blanks 
from small, hardened steel or tung- 
sten carbide tools. The unit em- 
ploys a thin, circular diamond saw 
blade for slicing ingots. Work ta- 
ble, 6 x 18 in., feeds the ingots 
into the cutting wheel at rates as 
low as 1/16-in. per minute. When 
slicing, automatic cross indexing 
takes place on the return stroke. 
Cross indexing can be set at the 
hydraulic control panel to produce 
slices of any desired thickness ac- 
curate to + 0.0005-in. Slices are 
held for dicing by cementing them 
to ceramic plates held by a fixture 
on the work table. DoAll Co., Des 
Plaines, Iil. 


Testing and Inspection 


Vibration Machine: Model AF vi- 
bration machine with 10 to 60 cps 
adjustable frequency vibration is 
used in the electronic and instru- 
ment industries for vacuum tube 
and instrument stabilization or 
aging, accelerated life testing, pro- 
duction line inspection for vibra- 
tion-induced noise and intermittent 
faults, and general vibration test- 
ing. It fulfills the fatigue test 
and low frequency vibration re- 
quirements of MIL-E-1B. The ma- 
chine consists of an elastically- 
mounted platform, pickoff, forcing 
transducer and power amplifier. 
Self-perpetuating resonant drive 
principle provides long, uniform vi- 
bration life and high load capac- 
ity, since all motion is by means of 
flexing steel members. Maximum 
load is 70 lb; maximum amplitude, 
0.1-in. Amplitude is controlled by 
a knob, and frequency is set by ad- 
justable links on the supporting 
flex members. Power requirement 
is 100 w, 115 v, 60 cycles ac. Lance 
Products, Forest Hills, N. Y. 


204 For More Information Circle Item Number on Yellow Card—page 19 MACHINE DESIGN 








er Vu 














XUM 


May 3, 1956 





Jo TS AEA TT ESE 


in Bell & Gossett 


They are Protected with 





Inherent Motor Protectors 


Bell & Gossett, foremost manufacturer of quality, 
long life booster pumps, knows the value of 
KLIXON Inherent Overheat Motor Protectors... 
knows from experience how KLIXON Protectors 
guard against motor burnouts, and add to the de- 
pendability of the pumps. 

Here’s what the latest B&G Sales Bulletin has to say 
about KLIXON Protectors — 

“PROTECTED AGAINST MOTOR BURN-OUT 


The B&G Booster Motor is protected against 
both usual and unusual causes of failure. 
Modern, efficient thermal overload equipment 


Booster Pumps... 


shuts off the motor should a dead-stall be caused 
by foreign matter in the pump, or if low voltages 
should cause the motor to overheat. 

“If for any of the above reasons the motor 
should stop, it will automatically try to start 
after a short interval. It will continue to stop 
and start until the cause of the overload is re- 
moved. The operation of this protective device 
is not harmful to the motor.”’ 

You, too, can keep motor-driven equipment operat- 
ing dependably by specifying and using KLIXON 
protected motors. They reduce maintenance costs, 
service calls, repairs and replacements. The addi- 
tional cost is low... with exceptionally worthwhile 
benefits for everybody concerned. 


— KLrxoN 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3205 FOREST STREET, ATTLEBORO, MASS. 
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Manual override safe against 
accidental actuation 
Solenoid inoperative 
when cover removed 


Sealed against 
airborne 
contaminants 






Large junction box 


Threaded 
conduit connector 































Pressure ring terminals 
on — accessible 
6” free leads 





Captive screws 
and cover plates 


Free poit area 
approximating pipe area 


Quick removal of 
valve from sub base 


For Machine Designers Who Want 
More Than Just ‘JIC’ Compliance, 
the Crescent ® ¢-Way Valve 


® Product of Crescent Valve Company for the control of 
air, water and light oil to 150 P.S.I. 


Pointed out on the photo above are the JIC features which 
are a must for many equipment manufacturers to gain 
acceptance of their machines in a growing number of 
production conscious plants. However, they offer obvious 
advantages even where they are not specifically demanded. 
Furthermore the JIC type Crescent solenoid is completely 
interchangeable with standard solenoids for the conven- 
ience of those manufacturers who want the JIC features 
available only for required application. 


COMPETITIVE 
With all its superior operating features the Crescent 
valve is probably the most competitively priced line on 
the market, particularly in the light of liberal trade and 
quantity discounts. 


COMPACTNESS 
Space, labor and materials savings have been pointed out 
to us by many equipment manufacturers as benefits from 
Crescent’s compact design. 


INTERCHANGEASBILITY 
Crescent valves can be converted to any practical current 
or voltage AC or DC by a simple coil change. 


NO COIL BURNOUT 
Short stroke, pilot operation and a generous power margin 
prevent overheating, overloading and the resultant coil 
burnout. 


Write for Catalog 6-C 
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NOTEWORTHY 


Hydraulic Flow Damper 


Sudden pressure variations in hydraulic systems 
are smoothed by an absorber consisting of two coaxial 
cylinders. Position of the inner cylinder is a function 
of the pressure in the system. Compressed air in the 
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outer cylinder opposes movement of the inner cyl- 
inder. Varying the air pressure changes the sensi- 
tivity and response of the inner cylinder to pressure 
shocks in the system. Patent 2,714,899 assigned to 
Commercial Shearing and Stamping Co. by T. C. Kane. 


Differential Chain Drive 


Unequal division of torque transmitted from a 
single power source is accomplished by a series of 
chain-driven sprockets. Two sets of “planetary” pinion 
sprockets, mounted on opposite sides of a large “car- 




















rier’’ sprocket, drive corresponding “sun” sprockets 
fixed to separate output shafts through independent 
link chains. Ratio of the diameters of the two sets of 
planetary pinion sprockets determines the amount of 
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Simple Arithmetic... 


| cs Type 302, Sheet Base Price qd SO cents per /b. 
wy 
Type 430) Sheet Base Price 34. 50 cents per (b. 
werner” . 


EE A TEE ee et Se er 


wg 10.00...... 
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in Stainless SHEET Costs! 





Many designers and fabricators who are 
currently using Type 302 stainless can, in 
numerous applications, specify Type 430 
straight chromium stainless and take 
advantage of the 10 cents per pound dif- 
ference in base price. Some of our cus- 
tomers are already saving more than $200 
per ton using our 430 MicroRold stain- 
less sheet. 

The steel industry estimates that 50% 
of all stainless sheet applications could 
satisfactorily employ Type 430, the least 





Now You Can SAVE $200 Per Ton! 


expensive of all stainless grades, as an 
economical and practical material. When 
propetly applied, Type 430 has all the 
desirable qualities of beauty, corrosion re- 
sistance, strength, long life and low main- 
tenance that no other material, except 
stainless, can offer. 

We are currently producing our 
MicroRold Type 430 sheets in thick- 
nesses .005” to .109” with 2B or 2D 
finishes; and in thicknesses .010” to 
.109” in No. 3, 4 and 7 finishes. 


Send for Your copy, “Care and Use of 430 MicroRold Stainless Steel” 


Washington Steel Corporation 


5-E WOODLAND AVENUE, WASHINGTON, PA. 
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Noteworthy Patents 


D i t C T 
i re C U rre ni torque transmitted to each output shaft. Patent 
2,716,358 assigned to International Harvester Co. by 
TO ie Q UJ a M OTO K S. D. Pool and W. H. Walker. 
Noiseless Gear Pump 
P x f C i * E LY P 0S ITI 0 N S Gears of substantially greater length than their 


diameters are employed in a pump to obtain a rel- 


- 5 AVY D | ‘ S atively smooth, noiseless pumping action. Alignment 



























Tir 


oO 
i —————— 
" MLL Li SSS SSSSSSSS 
So x 4 
x 
= = =— 
s \ 
- S 
N 
Y 









Wh: 





apes ad 











is simplified by providing intermediate, rather than | 
end, bearings to support the gears. End plates are 
thus eliminated by this type of assembly. Patent 
2,714,857 assigned to Geo. D. Roper Corp. by J. R. 
Albright and S. E. Larson. 





Air-Operated Valve ' 


Increased air or fluid pressure within an enclosed 
chamber actuates a bellows, which, by means of a 
push rod, operates a hydraulic valve. A helical spring 
holds the valve normally closed. A second spring 





This Peerless direct current torque 
motor was designed specifically for one 
of our customers. It operates through a 
gear unit to smoothly position heavy dies 
on die-making machinery. An adjustable 
brush mechanism and rugged construc- 
tion permit the design to be extremely 
sensitive and accurate —a necessity for 
precision die alignment. The motor pic- 
tured is one of many DC torque motor 
designs available at Peerless in the 1/2-3 


























HP range. 

Peerless-customer teamwork made this maintains alignment of the push rod. Area of sur- 
motor possible. We can apply our motor faces in frictional contact between the moving parts 
knowledge to your application in the of the assembly is held to a minimum, reducing op- 


erating force requirements. Patent 2,715,009 assigned 


same way. Let us check your “specs” 
to Electrimatic Co. by H. L. Beekley. 


and give our recommendations. We'll 
help you select the one motor that powers 


your product best. Bearing and seal assembly utilizes grease as a pack- 

ing to intercept dirt and other foreign material before 
it reaches the bearing. Patent 2,715,554 assigned to 
Allis-Chalmers Mfg. Co. by M. E. Walberg 


ELECTRIC MOTOR DIVISION 


THE PRerless. Electric COMPANY 


FANS - BLOWERS - ELECTRIC MOTORS . ELECTRONIC EQUIPMENT 
1520 W. Market St., WARREN, OHIO 


Copies of patents briefed in this department may 
be obtained for 25 cents each from The Commissioner 
of Patents, Washington 25, D. C. 
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Tighten socket screws tighter, more safely 
with High-Titan UNBRAKO hex keys 













































































High-Titan UNBRAKO socket screw 
keys are stronger than ordinary keys. TORQUE-ANGULAR DISPLACEMENT CURVE 
- ye 
They are made of selected, accurately Oe 1° as 
sized hex stock, with carefully formed 140 
90° bends that won’t break. The ends 
MAXIMUM 
are cut square to engage sockets full 120 TORQUE 7 
depth for highest tightening power. ant "x 
These keys are heat treated uniformly dé 
to give hardness and ductility clear 100 + BREAKING PORT 
through without brittleness or * “ai 
° ° a PROPORTIONAL LIMIT 
decarburization. z (KEY TWISTING) 
All this results in many advantages. - @ 
You can torque up a screw tighter : 
with an UNBRAKO than any other = 
key. Performance is consistent—you can apply the same tightening torque | 
° 9 . . hl 
every time. Screw sockets won’t ream, and the keys won’t wear excessively. e LEGEND 
If you should apply too much torque, a High-Titan would break, but i. qume way <«<<c< 
shear off clean and even with the top of the socket—not at the bend—and UNBRAKO KEY 
without leaving jagged exposed edges to gash your hands. | 
One High-Titan hex key is included with each standard package of 20 + 
UNBRAKO socket screws. High-Titans are also available as sets in con- 
venient, durable plastic key folds, and in bulk. Your authorized industrial | 
f distributor carries them in stock. See him today. Unbrako Socket Screw = : . : . . 4 
Division, STANDARD PressED STEEL Co., Jenkintown 18, Pa. 
ANGULAR DEFLECTION RADIANS* PER INCH 
See us at the Design Engineering Show “I radion approximates 57.3° 
Booth 333-335 STANDARD PRESSED STEEL CO. 
THESE CURVES SHOW THE DIFFERENCE between an UNBRAKO 
NS hex key and an ordinary key. The UNsRaKO withstands more 
tightening torque, twists through 180° without breaking, then 


JENKINTOWN PENNSYLVANIA 
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UNBRAKO SOCKET SCREW DIVISION shears off even with the top of the screw socket. Ordinary 
e - keys snap off suddenly at the bend. 
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Where horsepower loads are heaviest . . . that's 
where Sier-Bath Flexible Couplings are stand-outs 
in performance and economy! Not only are 
Sier-Bath Coupling capacities higher for any 
given shaft size from 3” to 12”, but also their 
initial cost to you averages 21-percent lower 
(compared to four other leading brands). 


You save many ways with Sier-Bath Couplings, 
because simplicity of design makes possible great 
savings in space and weight, requiring less shaft 
space for assembly . . . and use of snap-rings instead 
of flanges and bolts cuts assembling and uncoupling 
time to seconds, eliminating special tools. Lower 
moment of inertia reduces bending stresses on shafts, 
saves bearing wear. 





Sier-Bath Flexible Gear Couplings 
are available in many standard 
and special types in sizes from 
% to 12. Horsepower ratings 
range from 4 to 4500 HP/100 rpm. 


Simpler! only 7 parts 


Om) 


Smaller and Lighter! ; 
Complete catalog information 











| ¥ poe - will be sent on request 
oe Sier-Bath 





GEAR and PUMP CO. Inc 


$254 HUDSON BLVD., NORTH BERGEN, WN. J. 
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Your best source for air- 
hydraulic control valves. 
Save time . . . Save money 
on immediate delivery. Flow Control Valves 
Airmatic Valves are simple in design — compact. Yet they 
are extremely efficient in performance and adaptability . . . 
Afford best arrangements for machine tool application. A 
complete line of 2-way, 3-way, and 4-way valves available 
for either high-pressure or low-pressure installations. 


Write today for complete details about Airmatic Products 


ail 


Cylinders Valves 


Delivery from Stock 
— Immediate 





Attractive O. E. M. and 
Quentity Discounts 


AIRMATIC VALVE INC. 


Cleveland 9, Ohio 


7317 Associate Ave. 





—ITEM 693— 
















to get a positive lock on bolts sub- 
jected to shearing stresses where the 
strength of a full nut is not required. 
The thin GRIPCO Jam Nut locks 
without the use of lock washers or 
other parts. The nut itself does the 
WHOLE job—so shorter bolts can 
be used. Applicable on such products 
as valve handles, casters, garden and 
pruning shears, hedge clippers, sickle 
bars, etc. GRIPCO JAM NUTS are 
manufactured in the new Unified Fin- 
ish and Heavy Series (Hexagon). Fur- 
nished in standard full and jam dimen- 
sions, in steel, brass and aluminum. 
Write for samples and full particulars 


GRIPCO PRODUCTS INCLUDE: 
Gripco Lock Nuts, New Gripco 
“Clinch” Nuts, Gripco Hi-Nuts, Gripco 
Pilot-Projection and Countersunk 
Weld Nuts with or without Gripco 
locking feature. 





COMPANY 


“after 50 yeors still holding strong” 
103 MAPLE AVE., SOUTH WHITLEY, IND. 
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against dirt, moisture, 
loss of fluids 








| against thread damage 


| | YY Plastic Plugs and Caps | 





SS 
.S 


power-spring hurdles 





Safeguard your products before shipment with these 

low-cost plastic closures. They're easy to use and Mim | 
provide the safe and sure protection that pays off in = 

increased customer satisfaction and in reduced repair « ' g—= 

and servicing work. As the original and leading manu- = * 

facturer of protective plastic shipping caps and plugs, n> 

S.S.White is in a position to offer a full selection of |, 

} standard sizes for any requirements. 


4 






overcome 


| 
fgets 
° at 
| 

















Write for literature and ‘ 
c-3 LY, Le comptes. Address Dept. 4P with SS AN dD 4 T Ee ee L 
THE PLASTICS DIVISION ° ‘ 
DENTAL MFG. CO. hte ten teen crosscurved mainsprings 
New York 16, N.Y. 
Western District Office * 1839 W. Pico Blivd., Los Angeles 6, Calif. | Obstacles to a quality product, from the 
—— product engineer’s standpoint, can often 





be overcome with the kind of reserve 
power built into Sandsteel mainsprings 
with the famous Crosscurving process. 
Only highest-quality Swedish steel can 
be used for this concave-convex con- 


struction that enables the use of longer, 








Qs¢ 
f : , : , 
ti in i ae thinner springs...while assuring the 























Available in outside diam- 
eters of .04 to .32. 

@ One or more wires insulated 
with a pure mineral swaged 
into a metal tube. 

@ Can be sharply bent. 

@ Sheath canbe welded without 
loss of insulation. 

@ Available in a variety of 
sheath metals with thermo- 
couples and other wire mate- 
rials. 

@ Complete thermocouple 
probes available using this 
material made to your re- 

quirements. 

Write for Bulletin #4 


Cure esearch 


315 NO. ABERDEEN ST., CHICAGO 7, ILLINOIS 
Sales Representatives throughout the United States and Canada 
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reserve power needed and a longer, more 


even delivery of energy. 


If you are designing a product requiring 
a flat-type mainspring, find out how 


Sandsteel Crosscurving can help you. 





Write for FREE LITERA- 
TURE (Springs for Your 
Product) and CASE FILE, 
Dept. 31. 











SANDSTEEL SPRING DIVISION 


Sandvik Steel, Inc., Fair Lawn, N.J. 














XUM 








tll 


If you’re going to be anywhere near the 
Design Engineering Show ( May 14-17 
at Convention Hall in Philadelphia) be 
sure to pay our exhibits a visit. 

You'll have a chance to explore first- 
hand some of the potentials of glass as a 
more-useful-than-commonly-thought-of 
material. 

We'll be on hand to demonstrate 
properties, methods of manufacture — 
and to answer your questions. 


P.s. If you are not going to be at the 
show, wend your way to New York 
State’s picturesque Southern Tier some- 
time this Spring or Summer and visit the 
Corning Glass Center. Here also may be 
seen some of the newest uses for glass, 
as well as the oldest. Drop us a note and 
we will be glad to send you a preview of 
what may be seen here. 


DESIGN ENGINEERING SHOW 


CORNING GLASS WORKS 


w 52-5 Crystal Street, Corning, New York 


Corning meant research ix Cless 
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MECHANICAL 
ENGINEERS 


are needed for 


TELEVISION & RADIO RECEIVER 
chassis design incorporating print- 
ed circuit boards, formed, stamped, 
and molded parts, and provision 
for mechanized production tech- 
niques. 


SPECIAL MECHANISM DESIGN for 
TV receivers, including control 
knob linkages, simplified switching 
techniques, and automatic tuning 
devices. 


Send resume to: E. S. Winlund 


TELEVISION RECEIVER DEPT. 


GENERAL @@ ELECTRIC 


Electronics Park, Syracuse, New York 
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ENGINEERS 


AVAILABLE OR WANTED 





WANTED: Advertising Man for Technical Products: Previous 
advertising experience not necessary but helpful. Must have 
at least two or three years of college with courses in engi- 
neering and technical subjects and like to write. If you have 
the qualifications we have an opportunity open for you. 
Man selected will be trained in all phases of industrial ad- 
vertising. In your letter of application state age, education. 
positions held, and give statement of why you want a career 
in advertising. Location: well-known Connecticut company. 
Address Box 894, MACHINE DESIGN, Penton Bldg.. Cleveland 
13, Ohio. 


WANTED: Mechanical Engineers and Mechanical Draftsmen. 
Growing company expanding Engineering Division. Oppor- 
tunity for rapid advancement into management and de- 
velopment work on mechanical parking garages. aircraft 
hangars, industrial buildings, TV broadcast antenna towers. 
Liberal benefits including retirement. Moving expenses paid. 
Write: E. L. Smith, Dresser-Ideco Company, One of the 
Dresser Industries, 875 Michigan Avenue, Columbus 8, Ohio. 


AVAILABLE: Graduate Mechanical Engineer. In the Execu- 
tive capacity as Factory Manager, Chief Engineer or assist- 
ant. Nineteen years of diversified engineering and manage- 
ment in machine tools, automatic machinery and products. 
Seven years of practical factory operations including cost 
and sales. Address Box 898, MACHINE DESIGN, Penton 
Bldg., Cleveland 13, Ohio. 


“MECHANICAL 


’ 
to help you SPRINGS’ 
solve your 
spring design by A. M. Wahl 
problems THOROUGH DISCUSSION OF FUNDA- 
MENTAL PRINCIPLES . . . PRACTICAL 
FORMULAS FOR DESIGN . . . AUTHORI- 
TATIVE INFORMATION ON SPRING AP- 


PLICATIONS . . . IN 435 PAGES FULLY 
—— WITH DETAILED DRAW- 





Thousands of design engineers have discovered 
“MECHANICAL SPRINGS” by A. M. Wahl. . 
it has become a practical aid to spring design in 
hundreds of design libraries. 
It contains the kind of information that enables 
preliminary calculations to be made on the design 
of all types of springs: helical, disk, Belleville, flat, 
leaf, torsion, spiral and volute. 
And no matter what your problem .. . working 
stress ... fatigue .. . buckling . . . or just plain 
maximum efficiency, you will find that “MECHAN- 
ICAL SPRINGS” can reduce the “guesswork” as 
well as save you time and materials. 
Use the form below and get yours today! 
Send me___copies of “MECHANICAL 
Beck Department SPRINGS” at $6.00 per copy. 
Penton Publishing Co. [| Remittance enclosed in which case 
Penton Building book will be sent postpaid 














Cleveland 13, Ohio C] Please bill me Cic. o. O. 
NAME TITLE 

COMPANY a 

ADDRESS 

CITY ZONE STATE 








(Add 3% to orders for delivery in Ohio to cover State Sales Tox.) 
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WANTED 





Technical 


Editor 


A challenging opportunity to gain 
a broad knowledge of the design 
engineering field. 





e Edited for engineers, by engineers, 
MACHINE DESIGN has an opening on the 
editorial staff for a man with enthusi- 
asm for both engineering and writing. 


e He will work on a stimulating job 
that provides interesting contact with 
diversified problems in a variety of en- 


gineering areas. 


e Additionally he will be encouraged to 
progress as a specialist in one or more 
of the branches of design engineering. 


e He should have had some design ex- 
perience, and an EE or ME degree would 
be desirable. 


e He should be able to write fluently 
and well, and should show evidence of 
such ability. 


e Duties include the procurement, selec- 
tion, writing and editing of articles and 
feature departments. 


e Headquarters are in Cleveland, with 
opportunities for travel to attend meet- 
ings and expositions and to seek mate- 
rial for publication. 


e If you are interested and feel quali- 
fied, send full details of your engineer- 
ing and writing experience to the Editor, 
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—another example of how 
Atlantic's engineers and ‘inge- 
nuity devise new solutions to 
new problems. 


The $1,000,000 tower atop 
the Empire State build- 
ing was designed to usher 
in a new era in TV transmission and reception. Its 

construction required an unprecedented number of 

circuits to travel up a tower often of less than two 

feet square. The conduit, enclosing the cables, had to 

be extremely flexible to avoid splice plates, rivet 

heads and diagonal braces in the steel work. It had 

to be permanently weather tight. 

Ordinary rigid and flexible metal conduit failed! 

Atlantic’s engineers in cooperation with the RCA 

Service Co. designed a heavy duty, high pressure 

bronze hose that did the job and also saved many 

costly and hazardous man hours of work. This hose 

was JOB TESTED and CERTIFIED. 

Our engineers will help solve your problems in 

weather protection... flexibility ... conveying ...con- 

trolling pressure,;movement and vibration... correct- 
ing misalignments. Seamless and Interlocking Hose.: 
Bronze, Steel, Stainless Steel, Monel. %”-36”" I.D. with 
proper fittings. Write for Bulletin #500. See our Cat- 
alog in Sweet’s Product Design File. 





MACHINE DESIGN, Penton’ Building, 
Cleveland 13, Ohio. 
— r ATLANTIC METAL HOSE CO., Inc. 
318 DYCKMAN STREET, NEW YORK 34, N.Y. 
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Their job is to help make power 
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Elere are two giants of steel that were recently 
created in the Bethlehem shops. Though dis- 
similar in shape and dimensions, their basic 
business is the same—to help make power for 
the country’s growing needs. 

That big shaft will do an important job in a 
Western hydroelectric project. A forging made 
of carbon-vanadium steel, it weighs approxi- 
mately 61 tons. Its overall length exceeds 22 ft. 

The vaned runner in the other illustration 
is a foundry product. Like the forging, it’s a 
whopper, weighing 49 tons. It too is earmarked 
for a hydroelectric installation. 

Through the years Bethlehem has furnished 
many large components for use in power pro- 
duction. Countless Bethlehem forgings and 
castings are also in service in other industries. 
Some of these pieces are huge—but please 
remember, we’re equally well equipped to turn 
out small items, too. For instance, some of the 
drop forgings we make are small enough to 
tuck into your vest pocket. 

When your needs call for either forgings or 
castings, we hope you'll get in touch with us. 
Whether your order runs to tonnage or is small, 
we'll give it all we’ve got! 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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FURNISHES A 





complete 


POWER PACKAGE ! 


Get all your air and hydraulic needs from one source! 
Over 500 standard models in all sizes for immediate delivery! 








AIR CYLINDERS—168 Models HYDRAULIC VALVES—200 Models 











4 Hand 


- 





TIE ROD DESIGN 


150 P.S.I. air; 250, 350, 500 
P.S.I. oil. 8 mountings; 10 bore 
diameters; single or double end 
rod; internal or external thread; 
cushioning. J.1.C. Special cov- 
ers. See Catalog 10. 





KEEPER RING DESIGN 
150 P.S.I. air; 300 P.S.I. oil. 
7 mountings; 9 bore diam- 
eters; single or double end 
rod; internal or external 
thread; cushioning. Special 
covers. See Catalog 55. 


AIR VALVES—47 Models 





150 P.S.I. 3 and 4-way. Hand, 
foot, cam, solenoid, and pilot. 
%,", %", 4%", %" and 1”. Pilot 
valves in side and foot mount- 
ings—palm, push-button, 
cam, foot, solenoid operation. 
See Catalog 303. 


POWER UNITS—17 Models 





Single 
Pump 


1000 and 1500 P.S.I. Single 
pumps in six tank sizes. 
Capacities .4 to 40 G.P.M. 
Double pumps in four tank 
sizes with combined capac- 
ities 3.5 to 80 G.P.M. 

CUSTOM-BUILT 
Pressures to 5000 P.S.I. For 
unusual space, size, piping, 
valvifig, mounting, operation. 
See Catalog 400. 





Panel Mounted Solenoid 


Pane! Mounted 

Pipe Mounted 

Direct Control 
Functional 


1500 and 3000 P.S.I. Stand- 
ard, 0g Yer spring- 
centered, ball detent. All 
piston designs. Hand, foot, 
cam, solenoid, solenoid pilot, 
oil pilot, air pilot. 4", %", 
Hy", 4°, 1%, 154", 14", 2°. 
See Catalog 204. 


Panel valves conform to J.I.C. 
Greater flow; low pressure; 
shock resistant. Interchange- 
able sizes. See Catalog 261. 


HYDRAULIC CYLINDERS—108 Models 





Keeper Ring 


300 and 1500 P.S.I.; 3000 P.S.I. 
furnished. 7 mountings; 10 bore 
diameters; standard and 2:1 
over-size rod: single and double 
end rods, internal or external _ 
thread; cushioning. Special 
covers. See Catalog 106. 


HANDY AIDS FOR 
AIR & HYDRAULIC CIRCUITS! 


90 pages of working drawings, specifications, 


cut-away views. 


et Free Copies Today! 





RIVETT, INCORPORATED 


The Better You Know Hydraulics Dept. MD.5, Brighton 35, Boston, Mass. 


The Better You Like 





Member National Fluid Power Association 
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Spring quality of 


REVERE 


PHOSPHOR BRONZE 
—important to Higgins Rack 





























When small parts have to be plated, the 
problem arises as to how to hold them on 
the plating racks. If they are not heavy 
enough to hang by their own weight, spring 
clips must be used. For such clips, the Hig- 
gins Rack Coating Mfg. Co., Hazel Park, 
Mich., uses spring temper Revere Phosphor 
Bronze Strip. This material is specified be- 
cause its spring temper gives it the ability to 
withstand repeated flexing, so that the clips 
can be used repeatedly, and that small parts 
can be snapped in and out of them quickly 
and without distortion. 

The racks to which these clips are attached 
are made of copper bar; the clips are fas- 
tened by riveting and soldering. Everything 
except the contact points of the clips is 
coated to prevent deposition of the plating 
metal and loss of current. Higgins is an im- 
portant supplier of these special racks to the 
automotive industry, which uses them to 
plate both interior and exterior trim. The 
efficiency and economy of this method helps 
make handsomer cars and trucks as well as 
numerous other attractive consumer com- 
modities. 











Clips and racks made to special designs by the Higgins Rack 
Coating Mfg. Co., which buys Revere Phosphor Bronze Strip 
for the clips from Copper and Brass Sales, Inc., a Revere Dis- 
tributor in Detroit, Mich. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 














Mills: Baltimore, Md.; Chicago and Clinton, Ill.; Detroit, Mich.; 
Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, N.Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 
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Hot pipe conveyor travels at precision 
pace set hy CLEVELAND Speed Variator 


HIS hot pipe conveyor produced by York- 

Gillespie Mfg. Co. is a good example of the preci- 
sion engineering apeited in steel mill operation 
today. Conveyor speed has to coincide exactly with 
the speed of other operations on the line—has to 
adjust to the pace of production anywhere in the line. 
That’s why a Cleveland Speed Variator is on the job! 
Being infinitely variable, the Speed Variator gives 
stepless speeds over its full 9:1 range—from % to 3 
times input speed. Output speed is adjusted manually 
by a hand wheel mounted on the Variator—but could 
be regulated automatically by remote controls of 
various types. 
The Cleveland Speed Variator prévides these major 
advantages: 1. An extremely compact unit with input 
and output shafts in line and rotating in the same 


Drag-type conveyors 
utilizing Cleveland 
Speed Variator Size 
6K4 Series 1. Driving 
Cleveland Double 


Size O51D Series F, 
ratio 900:1. 





direction; 2. Almost any input speed up to 1800 rpm 
can be used—either clockwise or counterclockwise 
rotation; 3. Rated for constant horsepower output 
over a 9:1 range, or for constant output torque with 
a 6:1 range; 4. Infinitely variable over the entire 
speed range; 5. Rapid response to speed change, 
precise adjustment, and accurate maintenance of 
speed settings; 6. Long life and minimum mainte- 
nance due to absence of belts or complicated link- 
ages; 7. Ample bearing support for overhung pulleys 
on either input or output shafts. 


This revolutionary variable speed drive is available 
in eighteen standard types and sizes. For detailed 
description of the Cleveland Speed Variator with 
photographs, sectional drawings, rating tables and 
specifications, write for Bulletin K-200. 


THE CLEVELAND WORM AND GEAR COMPANY 


Speed Variator Division, 3287 East 80th St., Cleveland 4, Ohio 
Sales representatives in all major industrial markets. In Canada—Peacock Brothers Limited. 
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Reduction Worm Gear 


WHAT'S NEW IN MOTOR CONTROL? GET IT FIRST IN CUTLER-HAMMER 


Now...for machinery designers...new heavy duty 
pushbutton units built to the standards of the spectacular 


new Cutler-Hammer Three-Star Motor Control 


w they install easier 
w they work better 


w they last longer 


Design engineers are quick to recognize that 

these new heavy duty pushbuttons have every- 

thing. There is nothing on the market like them, 

They are amazingly compact to require the 

least back-of-panel depth. They are one-hole 

mounting and they are oil tight. They easily 

provide for as many as eight separate control 

circuits per pushbutton, eight completely iso- 

lated heavy duty contacts either normally open 

or normally closed. The buttons may be flush 

type, the extended type or with mushroom 

heads. They can be black, red, yellow, green or 

gray. See the new one-button control station, 

C-H Roto-Push. See the easiest-to-install main- 

tained-contact pushbutton attachment and the 

means for padlocking any of the standard push- 

buttons. There are both knob and key operated 

They require a behind-the- sol ed selector switches in this complete line. Also 
panel depth of only 1 3/32”. This is 40% ses - matching indicating lights and the new auto- 
ve ret ye oyna Age Me age 2 Na mation safety light, PresTest. Be sure you have 


ntact in all com- complete information now. Write today on your 


oe é 
' 8 of norma'ly open and normally i company letterhead for a copy of the new 
: Cutler-Hammer Panel Builders Handbook 
Pub. EE-120. CUTLER-HAMMER, Inc., 
1310 St. Paul Ave., Milwaukee 1, Wisconsin. 


. ” _ a 

CUTLER-HAMMER 

= = =e 

== .MOTOR CONTROL == 
he 
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